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Introduction
This contribution includes the Ontologies proposed to represent semantic data for Smart Cities. The ontologies are derived as the result of reviewing ontologies of SAREF and SEAS, which are widely utilized for IoT domains, and as an effort to minimize the gaps identified in those ontologies, in order to achieve more consistent and well structured ontologies. The main proposition is a common ontology, which contains the high level concept definitions, then it is extended to design the domain specific ontologies.
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[i.26]
SEAS Feature of Interest Ontology Version 1.0.
NOTE:
Available at https://ci.mines-stetienne.fr/seas/FeatureOfInterestOntology
[i.27]
SEAS Evaluation Ontology Version 1.0.
NOTE:
Available at https://ci.mines-stetienne.fr/seas/EvaluationOntology-1.0
[i.28]
Procedure Execution Ontology Version 1.1.
NOTE:
Available at https://ci.mines-stetienne.fr/pep/
[i.29]
SEAS Upper Ontology Version 0.10.

NOTE:
Available at https://ci.mines-stetienne.fr/seas/UpperOntology
[i.30]
The SEAS Device Ontology Version 1.1.

NOTE:
Available at https://ci.mines-stetienne.fr/seas/DeviceOntology
[i.31]
The SEAS Player Ontology Version 1.1.

NOTE:
Available at https://ci.mines-stetienne.fr/seas/PlayerOntology-1.1
[i.32]
The SEAS Zone Ontology Version 1.0.

NOTE:
Available at https://ci.mines-stetienne.fr/seas/ZoneOntology
[i.33]
SEAS-TechnicalSystemOntology Version 0.9.

NOTE:
Available at https://ci.mines-stetienne.fr/seas/TechnicalSystemOntology
[i.34]
The SEAS Forecasting Ontology Version 1.1.

NOTE:
Available at https://ci.mines-stetienne.fr/seas/ForecastingOntology
[i.35]
SEAS-WeatherOntology Version 0.9.

NOTE:
Available at https://ci.mines-stetienne.fr/seas/WeatherOntology
[i.36]
The SEAS Generic Property Version 1.0.

NOTE:
Available at https://ci.mines-stetienne.fr/seas/GenericPropertyOntology
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SmartCity Ontologies for oneM2M
 This clause presents different ontologies, which all together can be considered potential set of ontologies for smart city domain. Due to limitations identified in the ontologies discussed in clause 6, they can not be used directly, to semantically represent the smart city data. In order to support modularization as well as to cover different sub-domains which can potentially be the part of smart city, a common ontology has been proposed, which covers the high level concept definitions. Using those concept definitions, this ontology has been extended by different domain ontologies which semantically represent those sub-domains in smart city.   
7.1
Common Ontology
The core ontology, which is termed as common ontology, revolves around six main high level concept classes, which are shown in figure 7.1-1. The oval represents an owl:Class (and will be refered to as class / concept class) and the arrow indicates rdfs:subClassOf relationship, from child to parent class. These classes are considered from Feature of Interest Ontology [i.26], Evaluation Ontology [i.27] and Procedure Execution Ontology [i.28]. The base building block of this common ontology is class FeatureOfInterest and Property. Likewise Feature of Interest Ontology, the class FeatureOfInterest and the Property in the common ontology have similar definitions, however, in any case, a Property can not be considered as FeatureOfInterest. This will ensure consistency and minimized ambiguity in future extensions. Refer to Annex B.1 for the specific definitions of each class. 
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Based on the terminology, the Evaluation class here covers the broader domain than the one defined in SEAS. In common ontology, Evaluation provides the assessmen of Property, instead of the value of a Property. Although, there exists a owl:ObjectProperty in SEAS, relating Property and Evaluation. However, the main concern is making the scope of Evaluation broader, based on the terminology. Procedure has almost similar definition, only the specific terminologies have been replaced by the phrase “series of steps or actions”, in order to provide a possibility to extend the scope. The class Phenomenon has been considered from SEAS Upper Ontology [i.29]. In order to cover the scope appropriately and provide the definition which distinguishes it from class Observation in SEAS Device Ontology [i.30], it’s definition states Phenomenon it as fact or a situation. In addition, both artificial and natural phenomenon have been considered for the scope.

Different sub classes are further defined to cover different scopes of the higher level classes. Figure 7.1-2 shows the expansion of FeatureOfInterest class. There are some important differences in the taxonomy which are described as follows: 

· The taxonomy of ProcedureExecutor is changed from Procedure Execution Ontology, as there it does not have any parent class. This also changes it’s definition as “The System involved in or implementing a Procedure”. 

· The above change also affects Player class as it removes the complexity of multiple inheritance, which was the case in SEAS Player Ontology [i.31]. Now it is defined as a subclass of System only and not ProcedureExecutor.

· The definition of Zone is modified from SEAS Zone Ontology [i.32] to “An area or a stretch of a land or space…”. This provides a possibility to cover broader scope.

· AdministrativeArea is a class considered from SAREF4City ontology. This also affects all the subclasses respectively.
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The expansion of Property and Evaluation class can be seen in figure 7.1-3. The aspects covered and modified are described here as follows:

· DimensionProperty and LocationProperty are newly added classes. They serve the purpose of maintaining the taxonomy in case if additional sub-classes are added.

· State class is considered from SAREF ontology. Its taxonomy is modified from owl:Thing to Property.

· KeyPerformannceIndicator and KeyPerformannceIndicatorAssessment are considered from SAREF4City ontology. Here, they are defined as subclass of Property and Evaluation respectively.

· Service can be one of the most critical concept specifically in this taxonomy. In SEAS Technical System Ontology [i.33], it is defined as a subclass of AbstractEntity. In order to clearify it’s scope to the level of Software Architecture domain, service is defined as Property. The other potential candidate classes, that can be defined as it’s parent class, are Procedure and ProcedureExecution. The reason Service can not be defined as a subclass of either of them is that it can include both aspects in its composition as well as some types of System. Whereas here, it can be considered viable, if it is seen as a characteristic of a System. Now it’s composition can involve relationships with different entities including System, Procedure and ProcedureExecution.
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Figure 7.1-4 ilustrates the taxonomy expansion under the classes Procedure and ProcedureExecution. Following are the covered aspects along with the modifications from existing ontologies:

· The classes: Actuation, Observation, Forecast and Forecasting have been considered from SEAS Device Ontology and Forecasting Ontology with same concept definitions.

· The classes: Estimation, Estimating and Observing are newly added, which cover some concepts related to ones mentioned above.

· Task and Function are considered from SAREF with slight modification to broaden their scope. In SAREF ontology, both classes defined their relationship (in class definition) with a Device. However, in case of common ontology, the relationship is defined with ProcedureExecutor, which means that any physical or [image: image14.png]Procedure
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logical entity capable of executing a procedure can be related with these classes.


7.2
Smart Parking Extension

This clause describes the extension of Common Ontology for Smart Parking domain, based on following usecase. A parking lot is situated at some location in an urban area, which contains different parking spots. The Parking lot is described with general profile information such as id, contact point, geo location, address, parking service price rate etc. In addition, it involves some status information regarding the parking spot availability. Besides, each parking spot may also contains its individual profile information and have its status update, which is then accumulated to update the status of its respective parking lot. In this case, the services, in terms of both software architecture and commodity are involved. The service as a commodity includes parking service provided to the customer, which also charged with the parking service fee. The services in terms of software architecture includes one, which evaluates the available parking spots, and the other provides the estimated parking congestion.


[image: image5]
Figure 7.2-1 Extension of Common Ontology for Parking domain based on Feature of Interest, Procedure, Procedure Execution, Phenomenon and Evaluation.

Figure 7.2-1 and 7.2-2 shows the extension of Common ontology for Smart Parking domain. Here the dotted oval represents the owl:Class for parking domain. Here classes ParkingLot and ParkingSpot are described as subclasses of Zone, which also enables them to be represented as both local space and as a System. Profile related information can be stored in ParkingLotProfile and ParkingSpotProfile class. The class ParkingSpotStatus in figure 7.2-2 and the class ParkingSpotStatusEvaluation in figure 7.2-1 relates to the information about a particular parking spot, such that altogether, they provide the information of its availability at particular time stamp. Similarly, the class AvailableParkingSpots in figure 7.2-2 and the class ParkingSpotsAvailabilityEvaluation in figure 7.2-1relates to the information about parking lot, such that, the overall parking spots available in that particular parking lot will be represented here. All this information can be calculated by the instance of class ParkingAvailabilityEvaluationService. In case of ParkingCongestion, the instance of class ParkingCongestionEstimationService will be responsible for execution of procedure of class EstimatingParkingCongestion, and it’s execution related information is represted by the instance of class ParkingCongestionEstimation. 

There are some classes in both figures, which are not included in common ontology. These classes are ServiceProvider, PriceEvaluation, PriceRate, PriceProperty and ContactPoint. This is due to the reason that they are more suitable to be the part of some extention than Common ontology. They are considered to be the part of future extensions of ontology.


[image: image6]
Figure 7.2-2: Extension of Common Ontology for Parking domain based on Property

7.3
Weather Extension
Figure 7.3-1 shows the extension of Common ontology for Weather domain. In this case the ontology covers mostly data aspect, when entiy responsible for data acquisition is a service rather than a device. Here weather is further defined using six different properties: air temperature, humidity, rainfall, wind, snowfall and visibility. Each of these has its own class of type Evaluation and Phenomenon. The classes representing the service responsible for data observation and estimation are WeatherObservationService and WeatherEstimationService respectively. Similarly, there are sublasses defined to represent procedures and their executions for each of two classes of type Service. This ontology can be compared with SEAS Weather Ontology [i.35] where some similarity can be witnessed due to the weather properties considered.



[image: image7]
Figure 7.3-1: Weather Extension
7.4
Air-Quality Extension
Figure 7.4-1 shows the extension of Common ontology for Air-Quality domain. The structure is almost similar to that of Weather extension. The main difference is the properties considered for the air-quality data which are: air NO2 level, air O3 level, air CO Level, air SO2 level, air PM25 Level, air PM10 Level. This ontology can be compared with SEAS Generic Property Ontology [i.36] where some similar classes will be witnessed due the considered air-quality properties. 


[image: image8]
Figure 7.4-1 Air-Quality Extention
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Annex <B>:
Ontology Concept Definitions
This Annex provides the definitions of the concepts proposed in Clause 7.  

B.1
Definitions of Classes in Common Ontology
Following table provides the concept definitions of Classes defined in Common Ontology.

Table B.1-1: Class Definitions defined in Common Ontology.

	Class
	Definition

	FeatureOfInterest
	A Feature of Interest is an abstraction for real world phenomena (thing, person, event, etc.), who’s definition remains same irrespective of time. 

Consider an example, where “Square” is defined is one of the subclasses of Feature of Interest. If through time it changes its shape to rectangle, then it cannot be considered as Feature of Interest. Rather class Quadrilateral will be better definition to cover this phenomenon.   

	Property
	An observable or operable quality or characteristics of Feature of Interest or a Phenomenon, which can be observable, measurable or operable by a Feature of Interest.

	Evaluation
	An Evaluation contains the assessment or judgement about a Property.

	Procedure
	A reusable series of steps or actions that can be carried out to achieve results.  

	ProcedureExecution
	The act of carrying out a Procedure.

	Phenomenon
	Phenomenon is a fact or a situation that is observed to exist or happen, especially the one whose cause or explanation is in question. Phenomenon can be natural or artificial.

	PocedureExecutor
	

	Zone
	An area or stretch of land or space having a particular characteristic, purpose, or use, or subject to particular restrictions

	AdministrativeArea
	An Administrative Area is a Zone, covering a region of land for the purposes of administration.

	Service
	From the perspective of software or system architecture, service is a single or a set of characteristics of a System, with a purpose of enabling clients to perfrom a single or a set of tasks. Here a client can be but not limited to a Procedure, Player or foaf:Person.  

	DimensionProperty
	The Property to define measurable extent of some kind, such as length, breadth, depth, or height.

	LocationProperty
	The Property defining a particular place or position.

	State
	A particular condition that someone or something is in at a specific time.

	KPI
	A Key Performance Indicator (KPI) is a type of Property which used to evaluate success of a Feature of Interest or of a particular activity in which it engages.

	KPIAssessment
	Represents the assessment of a KPI calculated by a given agent in a given time.

	Function
	The functionality necessary to accomplish the task for which a Procedure Executor is designed.

	Task
	A task represents the steps carried out towards the specific goal for which a Procedure Executor is designed (from a user perspective)


-----------------------End of new text 3-------------------------------------------

Figure 7.1-1. High level classes in Common Ontology





Figure 7.1-2: Taxonomy expansion under Feature of Interest





Figure 7.1-3: Taxonomy expansion under Property and Evaluation





Figure 7.1-4 Taxonomy expansion under Procedure and ProcedureExecution
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