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1
Scope

The present document …
EXAMPLE:
The present document provides the necessary adaptions to the endorsed document.

The Scope shall not contain requirements.

2
References

The following text block applies. 

References are either specific (identified by date of publication and/or edition number or version number) or non‑specific. For specific references,only the cited version applies. For non-specific references, the latest version of the referenced document (including any amendments) applies.

2.1
Normative references

Normative references are not applicable in the present document.
2.2
Informative references
Clause 2.2 shall only contain informative references which are cited in the document itself.

The following referenced documents are not necessary for the application of the present document but they assist the user with regard to a particular subject area.
[i.1] 
oneM2M Drafting Rules (http://member.onem2m.org/Static_pages/Others/Rules_Pages/oneM2M-Drafting-Rules-V1_0.doc)

[i.2]
ETSI Smart Appliances REFerence (SAREF) ontology 

NOTE:
Available at https://sites.google.com/site/smartappliancesproject/ontologies/reference-ontology
[i.3]
ETSI STF 534 

NOTE:
Available at https://portal.etsi.org/STF/stfs/STFHomePages/STF534
[i.4]
AIOTI WG08 Report on Smart Cities 
NOTE:
Available at https://aioti.eu/aioti-wg08-report-on-smart-cities/
[i.5]
H2020 Lighthouse projects 

NOTE:
Available at https://smartcities-infosystem.eu/scc-lighthouse-projects
[i.6]
SAREF extension for Smart Cities Version 0.8
NOTE:
Available at https://w3id.org/def/saref4city
[i.7]
Open Geospatial Consortium (OGC) GeoSPARQL - A Geographic Query Language for RDF Data Version 1.0

NOTE:
Available at https://www.opengeospatial.org/standards/geosparql
[i.8]
W3C Recommendation 19 October 2017: "Time ontology in OWL"
NOTE:
Available at https://www.w3.org/TR/owl-time/
[i.9]
FOAF Vocabulary Specification 0.99 14 January 2014 - Paddington Edition 

NOTE:
Available at http://xmlns.com/foaf/spec/
[i.10]
Core Public Service Vocabulary Application Profile 

NOTE:
Available at https://ec.europa.eu/isa2/solutions/core-public-service-vocabulary-application-profile-cpsv-ap_en
[i.11]
W3C Semantic Web Interest Group: "Basic Geo (WGS84 lat/long) Vocabulary"
NOTE:
Available at https://www.w3.org/2003/01/geo/
[i.12]
FIWARE Key Performance Indicator data model 

NOTE:
Available at https://fiware-datamodels.readthedocs.io/en/latest/KeyPerformanceIndicator/doc/spec/index.html
[i.13]
Dublin Core ontology 

NOTE:
Available at http://www.dublincore.org/specifications/dublin-core/dcmi-terms/terms/LinguisticSystem/
[i.14]
W3C Recommendation 16 January 2014: "The Organization Ontology"
NOTE:
Available at https://www.w3.org/TR/vocab-org/#class-organizationalunit
[i.15]
SEAS ontology Version 1.1 
NOTE:
Available at https://w3id.org/seas/seas-1.1
[i.16]
European ITEA project
NOTE:
Available at https://itea3.org/about-itea.html
[i.17]
W3C Recommendation 11 December 2012 : "OWL 2 Web Ontology Language Structural Specification and Functional-Style Syntax (Second Edition)" 

NOTE:
Available at http://www.w3.org/TR/2012/REC-owl2-syntax-20121211/
[i.18]
Procedure Execution ontology Version.1.1

NOTE:
Available at https://w3id.org/pep/pep-1.1
[i.19]
ITEA2 12004 Smart Energy Aware Systems Deliverable 2.2: "The SEAS Knowledge Model"
NOTE:
Available at http://www.maxime-lefrancois.info/docs/SEAS-D2_2-SEAS-Knowledge-Model.pdf
[i.20]
W3C Recommendation 19 October 2017: " Semantic Sensor Network Ontology"
NOTE:
Available at https://www.w3.org/TR/vocab-ssn/
3
Definitions, symbols and abbreviations

Delete from the above heading the word(s) which is/are not applicable.
3.1
Definitions

Clause numbering depends on applicability.

· A definition shall not take the form of, or contain, a requirement. 

· The form of a definition shall be such that it can replace the term in context. Additional information shall be given only in the form of examples or notes (see below). 

· The terms and definitions shall be presented in alphabetical order. 
For the purposes of the present document, the [following] terms and definitions [given in ... and the following] apply:

Definition format

<defined term>: <definition>

If a definition is taken from an external source, use the format below where [N] identifies the external document which must be listed in Section 2 References.
<defined term>[N]: <definition>

example 1: text used to clarify abstract rules by applying them literally

NOTE:
This may contain additional information.

3.2
Symbols

Clause numbering depends on applicability.

For the purposes of the present document, the [following] symbols [given in ... and the following] apply:

Symbol format

<symbol>
<Explanation>

<2nd symbol>
<2nd Explanation>

<3rd symbol>
<3rd Explanation>

3.3
Abbreviations

Abbreviations should be ordered alphabetically.

Clause numbering depends on applicability.

For the purposes of the present document, the [following] abbreviations [given in ... and the following] apply:

SAREF
Smart Appliances REFerence ontology

SAREF4CITY
SAREF extension for the smart cities domain

SAREF4ENER
SAREF extension for energy domain

SAREF4ENVI
SAREF extension for the environment domain

SAREF4BLDG
SAREF extension for the building domain

SAREF4INMA
SAREF extension for the industry & manufacturing domain

SAREF4AGRI
SAREF extension for the smart agriculture and food chain domain

AIOTI
Alliance for Internet of Things Innovation

FOAF
Friend of A Friend ontology

CPSV
Core Public Service Vocabulary
STF
Specialist Task Forces

s4city
namespaece used in the SAREF4City ontology

SEAS
Smart Energy Aware systems

ITEA
Information Technology for European Advancement

SDK
Software Development Kit

IRI
International Resource Identifier

OWL
Web Ontology Language

4
Conventions, 

The key words “Shall”, ”Shall not”, “May”, ”Need not”, “Should”, ”Should not” in this document are to be interpreted as described in the oneM2M Drafting Rules [i.1]
5
Existing SmartCity ontologies
<Text>

Editor’s Note: In this clause, an explanation about existing ontologies specification will be handled.
5.1
Smart City
<Text>
5.1.1
SAREF4City
5.1.1.1
      Introduction
The SAREF4City ontology is an extension of SAREF ontology [i.2] for the smart cities domain. This work has been performed in the context of STF(Special Task Force) 534 [i.3] under ETSI standardization which was established with the goal to create a set of extensions for different domains around a core ontology. The SAREF4City is the extension for smart city and it has been implemented considering the existing usecases and available data models relevant to this smart cities domain. In this regard, the development has been carried out with close collaboration with AIOTI [i.4], the H2020 Lighthouse projects on smart cities [i.5] and the ETSI activities in the smart cities. The ontology is available at SAREF4city Web [i.6]. 
The SAREF and SAREF4City are developed based on the standard ontologies such as GeoSPARQL [i.7], W3C Time ontology [i.8], FOAF [i.9] to enhance interoperability and consistency in the semantic modelling. 
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Figure 5.1.1.1-1 SAREF4City Extension [i.6]
5.1.1.2
      Descirption
5.1.1.2.1
   SAREF4City extension concepts

As shown in the Figure 5.1.1.1-1, the classes with prefix “saref:” represents the concept of SAREF ontology while prefix “s4city:”represents the SAREF4City extension concepts. It can be seen from the figure that the core of SAREF4City extensions involve regional (e.g. Administrative Area, Facility), economic (e.g. Public service, Event), and performance assessment (e.g. Key Performance Indicator, Key Performance Indicator Assessment) aspects.

Besides the concept classes, the relationships (object properties and data properties) have also been reused from existing ontologies. For instance, classes s4city:AdministrativeArea and s4city:PublicService are connected using the object property cpsv:physicallyAvailabeAt that is defined in CPSV ontology [i.10]. 

The definition of region concepts has been done using GeoSPARQL vocabulary concepts and WGS84 Geo Positioning vocabulary standard [i.11], which are geosp:SpatialObject, geosp:Feature, geosp:Geometry and geo:Point. The SAREF4City extension classes have been defined with rdfs:subClassOf property with the geosp:Feature class. These classes are s4city:AdministrativeArea, s4city:Facility and s4city:CityObject. Furthermore, the more detailed region concepts, such as s4city:City, s4city:Country, have been defined with rdfs:subClassOf property with the s4city:AdministrativeArea class. These concepts have been reused in order to define location properties in different aspects, such as defining location using coordinate system or as a regional area, having other sub-regions defined using geosp:sfWithin or geosp:sfContains.

The next main entity defined in the SAREF4City extension is the s4city:Event class, which links with the relevant classes such as s4city:Facility, s4city:AdministrativeArea, s4city:Agent. The concept definition of s4city:Event has been considered in a social perspective, rather than that of computing. For example a ceremony or an occasion which can take place at some neighbourhood on a given time, by any person or an organization. In such case, assertions can be defined using s4city:Neighbourhood, time:TemporalEntity and s4city:Agent class. However, s4city:Agent class has been generalized for both person and software.

In order to cover economics aspects of service provisioning, s4city:PublicService class has been defined, which has object property relationships with s4city:Agent and other classes related to region concepts. This class can highlight the characteristics of services as a commodity, where it can be offered by some s4city:Agent (e.g. government, person) can be defined using s4city:PublicService class.

Another main concepts defined in this extention includes s4city:KeyPerformanceIndicator and s4city: KeyPerformanceIndicatorAssessment classes. These enable describing performance evaluation of an organization or a relevant activity. This concept definition has been adopted from FIWARE data model specifications [i.12]. These concept classes also cover more of social aspect than that of ICT related systems and computing. However, s4city: KeyPerformanceIndicatorAssessment has relation s4city:isDerivedFrom with saref:Measurement class, which covers more general aspects of measurements relevant to the observations of real world phenomena. These classes are also linked with core SAREF concepts such as saref:FeatureOfInterest and saref:UnitOfMeasure, in order to enhance the expressivity of the key performance evaluation, as well as maintaining the consistency with the SAREF core ontology model. Some examples of these relationships are s4city:isKPIOf, s4city:hasKPI, s4city:assesses, s4city:IsMeasuredIn.

5.1.1.2.2
   External Ontology Concept

Other external ontology concepts have been brought into the SAREF4City extension. These ontologies are GeoSPARQL, Dublin Core [i.13], FOAF, W3C Organization [i.14] and Time ontologies, as well as WGS84 Geo Positioning vocabulary and CPSV. The utilized concepts and their relationships with SAREF and SAREF4City can be seen in figure 5.1.1.1-1.
5.1.2
SEAS

5.1.2.1
      Introduction

The Smart Energy Aware System (SEAS) [i.15] is the European ITEA project [i.16], which aimed at standardization of energy related information exchange methodologies as well as enhancing interoperability among IT systems. The deliverables of SEAS project were the smart energy API, standard and the SDK. The smart energy API, a semantic information model, connects user intelligently and transparently. The SEAS framework used open architecture to increase interoperability. This work has been examined by adopting in the more than 120 use cases in 6 different categories with 30 ontologies in energy domain. The knowledge model can be expanded for different domains: smart homes, micro grids, electric vehicles, electricity market, distribution and retail operators and clients, weather forecast.

5.1.2.2
     Description

5.1.2.2.1
SEAS knowledge model design goal and considerations
The SEAS is based on the OWL 2 DL ontology[i.17]. The practicses, adopted for the development of the knowledge model in SEAS followed semantic web standards, which involved IRI look up, reusing existing ontologies by importing vocabularies and set of logical axioms, versioning of ontology modules, alignment with the existing external ontologies etc.

5.1.2.2.2
SEAS ontology modules relevant to smart city domain

As the knowledge model design principles in SEAS follows modularization, each module focuses on some specific use case. Therefore, a selective set of modules would be utilized based on considered use case for implementation. Since this document focuses on Smart City domain, selective set of modules will be discussed, which are relevant to the scope of this document. The modules and the import sequence can be visualised in figure 5.1.2.2.2-1.

[image: image3.emf]
Figure 5.1.2.2.2-1: Core and extended modules[i.19]
In the figure 5.1.2.2.2-1, green nodes are core modules, pink nodes are extended modules and orange nodes are alignment modules respectively. The core of the ontology is composed of four modules:

· Feature Of Interest Ontology

· Evaluation Ontology

· System Ontology

· Process execution platform ontology

These modules define the generic concepts, which are required for defining the baseline of topology. On top of these core modules, the SEAS ontology defines several extended modules (referred to as "vertical" modules in SEAS documentation), that define specific knowledge model based on the core modules of a domain. These modules represent knowledge model for systems and their connections, their properties, devices involving sensors and actuators, region concepts (zone ontology), concept models for energy markets, demands/responses etc.

The module feature of interest ontology describes the considered single or set of feature of interest in the real world environment (e.g. a room, a server, a device, an organization) as well as their properties. These properties can be qualified, quantified, observed and/or based on the related feature of interest in the environment. One unique aspect in this module is that any property can also be defined as feature of interest, to support the idea that properties may also have some properties as the system evolves and new parameters are added in the environment. This module is not dependent on any other modules in the knowledge base. 

The module evaluation ontology defines the concepts required for evaluating the properties of feature of interest, which are defined in feature of interest ontology. This module can be adopted to represent the qualitative or quantitative values, unique or constant values, statistical measurements, estimations or forecasts, temporal values and provenance information etc. One property defined in feature of interest ontology can have multiple evaluations defined using evaluation ontology. This module extends only feature of interest ontology as shown in figure 5.1.2.2.2-1.

The module system ontology describes the system knowledge model, which is focused on specific concept representation of feature of interest ontology, as it only imports feature of interest ontology. Here, a system is considered as a part of real world environment that can be virtually isolated. This modules can also be used to define the interactions of the multiple systems through concept representation of connections and connection points defined in it, such as connection, connectedTo, connectionPoint, etc.

The module Procedure Execution Platform Ontology [i.18] is defined an externalized core module, according to project deliverable D2.2 SEAS Knowledge Model document [i.19], as it generalizes the concepts defined in W3C Semantic Sensor Network ontology [i.20] and Semantic Actuator Network ontology. This module defines the concept representation of procedures and its executions. For example, "Sensing" can be defined as pep:Procedure whose execution can be defined as "Observation" using pep:ProcedureExecution, which will be executed by a "Sensor", defined using pep:ProcedureExecutor.

Addition to the core modules above, the SEAS ontology also defines extended ontology modules (reffered as SEAS vertical modules). The modules are divided into two categories based on the portability to different smart city use cases. The table 5.1.2.2.2-1 shows the categorization of these modules.

Table 5.1.2.2.2-1: Categorization of SEAS modules based on smart city Domain
	use case independent (cross-cutting)
	use case dependent (vertical)

	building ontology
	communication ontology

	city ontology
	electric vehicle ontology

	device ontology
	forecasting ontology

	player ontology
	street light system ontology

	zone ontology
	smart meter ontology

	generic property ontology
	trading ontology

	offering ontology
	zone lighting ontology

	pricing property
	

	statistics ontology
	

	time ontology
	


One of the essential information regarding smart city domain is the regional concept representation. For the semantic representation of such information, zone ontology, building ontology and city ontology are relevant modules. The module zone ontology defines the knowledge model for regions in more generalized terms, such that it can be used to define from small zones (e.g. room) to large ones (e.g. city). It also defines a sub-zone as well as connected zone relationships among different zones. This module imports system ontology and device ontology. The modules building ontology and city ontology can be considered as extended modules of zone ontology, hence they focuses on respective knowledge representations.

The module device ontology is essential in the aspect of knowledge representations for devices deployed in smart city. The module player ontology focuses on a person or an organization performing a business role. This role can be in terms of offering or execution of a service etc. This is essential module for knowledge representation of an entity, providing a service to users in smart city. Both device ontology and player ontology import system ontology and Procedure Execution Platform ontology, hence the concepts and relationships are extended accordingly.

The other use case independent modules considered for smart city, mostly define the properties and evaluation parameters of the feature of interest. Among these modules, time ontology can be most utilizable, as it will enable knowledge representation of temporal context of evalutations. The module statistics ontology is used to define the statistical evaluations of the properties for the considered feature of interest. The pricing module can be used in relation with player ontology and offering ontology, in order to represent the service provisioning and the respective pricing information. For other types of evaluations, generic property can be utilized, such as direction, length, speed etc. 

For use case dependent modules, if a knowledge model specification involves a use case specific feature of interest the module can be utilized. For example, for electric vehicles electric vehicle ontology would be used.
5.1.3
          xxxx

Editor’s Note: This clause includes other specification which defines ontology for smart city.
5.2
Smart Home

<Text>

5.2.1
      SAREF

5.2.1.1
      Introduction

5.2.1.2
      Description
5.3
Smart Building

<Text>

5.3.1
      SAREF4BLDG

5.3.1.1
      Introduction

5.3.1.2
      Description
5.4
Smart Environment

<Text>

5.4.1
      SAREF4ENVI

5.4.1.1
      Introduction

5.4.1.2
      Description
5.5
Smart Energy

<Text>

5.5.1
      SAREF4ENER

5.5.1.1
      Introduction

5.5.1.2
      Specification

6
Gap Analysis
 Editor’s Note: This clause includes both the explanation of the gap between ontologies and the oneM2M ontology and issue which needs to be solved to use the ontologies on oneM2M.
6.1
Key Issue 1: xxx

6.2
Key Issue 2: xxx

7
Ontologies for SmartCity in oneM2M
Editor’s Note: This clause provides the way how to use the analysed ontologies on oneM2M. 

7.1
Smart City Core Ontology
7.2
Smart Home Extension
7.3
Smart Building Extension
7.4
Smart Environment Extension
7.5
Smart Energy Extension
The following text is to be used when appropriate:
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