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8.2.2
Modelling of Devices and Things
8.2.2.1
Modelling of Concepts

In this subsection, we introduce some more details for the identified key concepts Device and Thing. These details are emphasized as they are needed for enabling functionalities that are proposed for being supported by the oneM2M System. First, only the most basic structure for modelling Devices and Things is described.  
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Figure 8.2 Device Structure 

Figure 8.2 shows some key information about describing Devices. Devices support different Operations, Operations have different Parameters that can  be used for input or output purposes. The structure is the basis for defining specific Device Types and successively Operation and Parameter Types. The specific Device Types together with the Operations they support etc. can be defined by other, e.g. application area-specific, standardization organizations. For oneM2M, it is important that they follow the structure as the structure can then serve as the basis for creating the resource representation for Device Instances of the given Device Type. 
To support other aspects of Devices more relations and concepts have to be added. For example, the identifier(s), the producer, the energy consumption may be needed for other purposes, e.g. discovery. To keep the complexity of the presentation of the modelling approach simple, we focus on the Operations and Parameters that are needed for defining the oneM2M resource structure.
It should be noted that the above structure for describing Devices in terms of their Operations can be used for any type of Device, whether oneM2M Device or other Device that is interworked with the oneM2M System. This structure does, however, not yet take into account more detailed aspects of modelling Devices, e.g. direction of information flow etc.
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Figure 8.3 Thing Structure

Figure 8.3 shows some key information about Things. Basically Things have different Aspects, e.g. a room can have a size, a height, a temperature, a noise level etc. These Aspects can be related to Devices that provide information, e.g. the current noise level, or they can influence it like the current temperature in case the Device is a heater or air conditioning system. Aspects can also model relations to other Things.
As in the case of Devices, the specific Thing Types together with the Aspects they have etc. can be defined by other, e.g. application area-specific, standardization organizations. For oneM2M, the underlying structure is important.
8.2.2.2
Modelling of Types

Based on the identified concepts, which define the structure, the respective types can be defined. This means, based on the previous subsection, we know that, for example, Devices have Operations and Operations have Parameters, but we do not know yet what types of Devices exist and what Operations each of these types have. 

As shown in Figure 8.4, Device Types can be hierarchically defined. There is a common Device Super Type, and, in this example, a single Operation is defined for it, i.e. MyOperation 1. In the given example, Device Type 1 and Device Type 2 inherit from the Device Super Type, i.e. instances of these also support MyOperation 1 (shown for Device Type 1). Device Type 1 in addition introduces MyOperation 2, which is supported by all Devices of Device Type 1 and all Device Types inheriting from it. Note that Operations could be mandatory or optional.
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Figure 8.4 Example of Device Types and their Operations

The Operations again have a structure, which is defined in an Operation Type hierarchy as shown in Figure 8.5. So, for example, My Operation 1 could be of Operation Type 2 and My Operation 2 could be of Operation Type 1. Operation Types define what Parameters they have, which again would have types. Parameter Types follow exactly the same approach as Device Types and Operation Types and can build type hierarchies.
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Figure 8.5 Example of Operation Types and their Parameters

Figure 8.6 sketches an example of a Thing Type hierarchy. Some of the Aspects of a given Thing Type will be dynamic like Indoor Temperature, Speed or Occupancy and thus would be associated to Devices sensing/setting these values, others would be static like Area, Volume or Number of Floors. These could nevertheless be relevant for discovery purposes. Finally, Aspects can describe the relation to other Things, e.g. the Part of Building Aspect.

[image: image5.emf]Thing

Type

Space

Type

Vehicle

Type

Building

Type

Room

Type

Car

Type

Area

Enclosed

Space

Type

hasAspect

Volume

Indoor

Temperature

hasAspect

Number of 

Floors

Part of Building

Speed

hasAspect

hasAspect

hasAspect

Occupancy


Figure 8.6 Example of Thing Type Hierarchy

Type hierarchies can be defined by different standardization organizations (SDOs). oneM2M can make use of these, if they follow the respective structure as defined through the concepts and their relations. In the example of Device Types, a type hierarchy of Device Types is defined where the supported Operations for each Device Type are identified. It is also possible that a common basic Device Type hierarchy is defined (e.g. by oneM2M itself) that is then extended by different SDOs. Based on these, proprietary extensions are possible, preferably by inheriting from suitable super type(s).
Given that type hierarchies are provided, the oneM2M System can make use of them, supporting multiple of them in parallel – only when it comes to supporting equivalence of types from different type hierarchies or from different extensions of type hierarchies additional work is required.
8.2.2.3
Modelling of Instances

Given the structure provided by the concepts, instances can be modelled based on the types. Figure 8.7 shows the structure of the Device Instance  "My Device 234", which is of type Device Type 1. For that reason, it has both Operations  "MyOperation  1" (inherited from Device Super Type) and "MyOperation 2", which are of Operation Type 2 and Operation Type 1 respectively. 
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Figure 8.7 Example of a Device Instance based on the type modelling
The modelled Device Instance can directly be mapped to the oneM2M resource structure for the Device. The type information is also highly relevant for discovering suitable instances such as Devices and Things.
8.2.2.3
Combined view of approach

After the step-by-step introduction of concepts, types and instances as the three parts of this modelling approach, this section provides the combined view.
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Figure 8.8 – Overview and relation of concepts, types and instances for the example of Devices
Figure 8.8 shows the concepts and structure of Devices, which are – for the purpose of introducing the approach – limited to Operations and Parameters. These concepts and structure of Devices would be defined by oneM2M and provide the basis for implementing related functionalities. 
Device Types introduce the specific types of Devices that are to be supported by the system together with their specific Operations. They follow the structure given by the concepts of oneM2M. Device Types can be organized in a type hierarchy. Operations again are of a certain type, which are defined in a separate type hierarchy. Operation Types introduce the specific Parameters required, which again have a type (not shown). The Device Types, Operation Types, Parameter Types etc. can be defined by other, possibly application-area specific standardization organization or be proprietary. The type information is of course relevant for the Operation of a semantically enhanced oneM2M System, but it is not statically implemented into the oneM2M system functionalities, but can rather be seen as configuration information. 
Finally, the Device Instances model concrete Devices in a oneM2M deployment. They can be directly represented as Resources in the oneM2M System. Their general structure corresponds to the one defined by the concepts, e.g. that Devices have Operations. The specific Operations of a Device are defined by their respective Device Type. Linking the Device Instance to the Device Type may be relevant for oneM2M system functionalities, e.g. discovery and abstraction.
8.2.2.4
Modelling of Associations

As already shown in Section 8.2.2.2, some Aspects of Things concern dynamic values that can be measured or changed by Devices, e.g. the speed of a vehicle can be measured and the indoor temperature of a room may be changed by a heating or air conditioning system.
To capture this aspect in a system, the relation between Things and Devices can be modelled in form of Associations. The Association  should describe which Aspect is associated to which Operation of a Device and what the Operation can do with respect to the Aspect, i.e. provide the  information (measure, observe, etc.) or change (set, increase, decrease, etc.).

Figure 8.9 visualizes two examples of such associations.
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Figure 8.9 Association Example
------------------------ Adaptation of existing Text in TR-0007----------------------------
8.2.3
Device and Device Template Modelling Using Ontologies

In this section we show an approach of how DeviceDevice the model  presented in Section 8.2.2 can berepresented in a homogeneous way using ontologies.
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