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Executive Summary 

This deliverable presents the results of a survey on existing data models and ontologies that are relevant to the 
COGITO ƛƴŦƻǊƳŀǘƛƻƴ ŘƻƳŀƛƴǎΩ ǊŜǉǳƛǊŜƳŜƴǘǎΦ ¢ƘŜ ǎǳǊǾŜȅ Ƙŀǎ ōŜŜƴ ŎƻƴŘǳŎǘŜŘ ƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ǘŀǎƪ ά¢нΦм - Survey 
ƻŦ 9ȄƛǎǘƛƴƎ 5ŀǘŀ aƻŘŜƭǎ ϧ hƴǘƻƭƻƎƛŜǎ ϧ !ǎǎƻŎƛŀǘŜŘ {ǘŀƴŘŀǊŘƛȊŀǘƛƻƴ 9ŦŦƻǊǘǎέ. The data models and ontologies 
documented herein are related to several domains relevant to COGITO that the consortium has identified at this 
stage of the project, i.e., building, process, multi-source visual data, Internet of Things (IoT), simulation, workflow 
management and smart contracts, health and safety, and quality control. Twelve data models and twenty-three 
ontologies have been extracted from the literature and briefly presented in this document.  

The aim of this document is to provide an overview of existing data models and ontologies to be considered for 
reuse and alignment during the development of the COGITO ontology. Moreover, this survey also aims at 
identifying potentially missing elements to cover the information scope in COGITO.  

From the results of the survey, it has been observed that, in general, there are exiting ontologies and data models 

related to the majority of the identified domains, with the exception of the multi-source visual data and workflow 

management domains, where no specific ontologies tailored to their scope were found. The survey has also 

revealed that well-known ontologies related to the Internet of Things, simulation and construction crew and 

safety domains could be considered as potential ontologies for reuse within COGITO. Two ontologies and two 

data models appear to be cross-domain and that are relevant to the majority of the COGITO domains presented 

in this document, i.e., the IFC and cityGML data models and the DICO and ifcOWL ontologies. 

This document will constitute the main input in task άT3.2 ς COGITO Data Model, Ontology Definition and 
LƴǘŜǊƻǇŜǊŀōƛƭƛǘȅ 5ŜǎƛƎƴέΣ where the COGITO consortium will determine to what extent these identified ontologies 
and data models can be reused for the development of the COGITO ontology. 
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1 Introduction 

1.1 Scope and Objectives of the Deliverable 

Building Information Modelling (BIM) [1] and reality capture technologies in the construction phase have gained 

significant attention as of late, revealing the need for an efficient usage and exchange of data across the various 

application areas that the construction projects entail. In practice, large scale construction projects often require 

collaboration and information exchange among different actors and systems. Within COGITO, a 

multidimensional, dynamically updated, digital representation (twin) of a construction project is introduced, 

using methods to ensure interoperability among the different components and technologies. 

The Digital Twin platform that will constitute the backbone of the COGITO solution aims to enable 

interoperability with existing and emerging standards and data formats covering various domains. 

Interoperability could be applied to different levels in information systems, namely, technical interoperability, 

syntactic interoperability and semantic interoperability. Technical interoperability addresses the problems 

related to the hardware and software elements involved in the communications protocol, infrastructures, and 

physical components to exchange data. Syntactic interoperability focuses on the exchange of data formats 

between systems. Finally, semantic interoperability aims at providing successful exchange and processing of 

meaningful information in addition to raw data.  

This deliverable presents a survey of the existing data models, ontologies, standards and proprietary data models 

of prominent ICT tools that can be used in the COGITO environment for exchanging data. The goal of this 

document is to analyse the literature to identify what already exists and is available in the domains that are 

relevant to the scope of COGITO. Considering the fact that additional domains might arise during the project 

lifetime, at this stage of the project, the domains that are anticipated to be studied in terms of the semantic 

modelling are the building, processes, multi-source visual data, Internet of Things (IoT), simulation, workflow 

management and smart contracts, health and safety, and quality control domains. 

1.2 Relation to other Tasks and Deliverables 

This deliverable is based on the use cases defined in D2.1 and T2.1 Stakeholder requirements for the COGITO 

system; and it will be used to identify potentially missing elements to cover the information scope of COGITO 

and develop the COGITO ontologies (task T3.2) to support semantic interoperability in the project.  

1.3 Structure of the Deliverable 

The deliverable is structured as follows: 

¶ Section 2 provides an overview of the domains that have been identified as relevant to the COGITO 

activities at this stage of the project; 

¶ Section 3 presents data models, ontologies and standards that are related to the construction site 

domain, focusing on buildings; 

¶ Section 4 presents data models, ontologies and standards related to the construction process; 

¶ Section 5 showcases data models, ontologies, and standards that could partially but semantically 

represent data that are captured by the as-built information via reality capture tools (multi-source visual 

data, IoT and simulation); 

¶ Section 6 introduces data models, ontologies, and standards which are relevant to the workflow 

management and smart contracts domains; 

¶ Section 7 summarises data models, ontologies and standards related to the health and safety domain; 

¶ Section 8 summarises the relevant data models, ontologies and standards related to quality control; 

¶ and finally, Section 9 concludes this work and provides some insights into the future use of this survey 

results. 
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2 Relevant Information Domains 

2.1 Digital Twins in the Construction Phase  

During the last two decades, the Architecture Engineering and Construction (AEC) industry is evolving with the 

incorporation of various computer technologies enabling modelling of whole construction site or building assets 

along with their components (structural and non-structural), providing the involved AEC stakeholders with a 

shared resource of information which can form a reliable basis for decisiƻƴǎ ŀƴŘ ŀŎǘƛƻƴǎ ǘƘǊƻǳƎƘƻǳǘ ŀ ǇǊƻƧŜŎǘΩǎ 

lifecycle. The traditional paper-based information (e.g. drawings, specifications, etc.) collection and management 

is currently shifting to electronic documents, file-based drawings, and digital data recording. 

Adoption of emerging technologies such as Building Information Modelling (BIM) is triggering a digital 

transformation of the global AEC industry. Building Information Modelling (also known as Building Information 

Managing) is based on managing Information Models, which digitally represent the asset (building or 

infrastructure) to be projected, constructed or operated [2]. An Information Model is a set of structured and non-

structured information containers, being BIM Models the main structured container, so the rest of information 

inside the other containers should reference to it (ISO 19650-1:2018). In a BIM model, the representation of an 

element is defined through its physical and functional characteristics using parameters and properties [3]. This 

information is specified ǇǊƻƎǊŜǎǎƛǾŜƭȅ ŘǳǊƛƴƎ ǘƘŜ ŀǎǎŜǘΩǎ ƭƛŦŜ cycle, from design to operation. Moreover, different 

stakeholders simultaneously develop the BIM Model, storing on it the product of their decisions. To produce this 

collaborative works it has to be set procedures, ICT tools architectures and formats (e.g. IFC or BIM Collaboration 

Format (BCF)) inside what is commonly named Common Data Environments (CDE) [4].  

All this information is subject to the traceability of the changes that are produced during the entire life cycle of 

the asset. Usually, one system is used throughout the Delivery phase (Design and Constructing) and another, 

during the Operation period [5]. 

According to [6], the Digital Twin idea was first introduced as an unnamed concept for Product Lifecycle 

Management (PLM) back in 2002 and was subsequently called Mirrored Spaces Model, Information Mirroring 

Model and even Virtual Twin until its final denomination as Digital Twin in 2011. Since this, the term has been 

widely used in different sectors for referring to digital replicas of physical entities.  

The AEC sector has not been alien to the idea of Digital Twins, and as part of the process of technological change 

happening in the last few years, more and more interest has arisen in the concept of Digital Twin [6].  

We could say that a Building Information Model provides the basis for a Digital Twin, yet it does not provide direct 

physical-digital linkages to link information about the current behaviour or state and as such does not serve as a 

virtual operation tool [7]. There is a lot of information from the building and its subsystems which extend current 

BIM methodology including the integration with IoT (Internet of Things), BMS (Building Management System), ERP 

(Enterprise Resource Planning) or BAS (building automation system), to provide tools to capture, store, and share 

critical building information [8]. 

In COGITO, the Digital Twin platform will handle and store all construction data to bring all the as-designed and 

as-built information together to create a digital representation of construction projects enabling computer-aided 

analysis and decision making via construction services. To support these goals, the construction site, processes 

and management need to be properly modelled based on a common information model, while data must be 

captured to populate that model. Especial attention will be paid to assist the delivery of services to safety 

assurance, quality control, and workflow modelling and management. Therefore, the following domains have 

been chosen to be analysed in this report: 

¶ Construction site:  

o Building; 

¶ Construction process; 

¶ Reality-capture: 

o Multi-source visual data 
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o Internet of Things 

o Simulation 

¶ Applications 

o Workflow management and smart contracts 

o Construction safety 

o Quality control 

2.2 Construction Site 

Diverse data models and ontologies derived from existing standards could be potential data formats to be linked 

towards developing a multidimensional BIM-based ontology for building and infrastructure construction sites 

that meet the COGITO interoperability requirements. In contrast to the Buildings domain, where various data 

models and ontologies exist to semantically link multilevel information, the Infrastructures domains has so far 

been overlooked. Although there is an upcoming standardised data mode, the Industry Foundation Class ς IFC4.3 

release candidate1, that support many infrastructure types (e.g., railways and roads), it has not been widely 

tested. Thus, we decided to exclude the infrastructure domain from this study, and further investigate it at the 

ŜŀǊƭȅ ǎǘŀƎŜǎ ƻŦ άT3.2 ς COGITO Data Model, Ontology Definition and Interoperability Designέ ŀŎǘƛǾƛǘƛŜǎΦ Lǘ ƛǎ ǿƻǊǘƘ 

mentioning though that the aforementioned data model inherits concepts from the IFC4 that is briefly presented 

in section 3.1.1.1. 

2.2.1 Building 

A building is a set of components related to the architectural, structural, and building systems domains of 

Architectural Engineering and Construction sector. These elements are grouped into nested subsets referring to 

the stories, apartments and internal spaces and opening volumes following a tree-like structure. As far as 

construction management is concerned, in COGITO the building model elements are grouped with respect to 

respective time intervals related to different construction phases.   

The architectural building elements refer to components of the building fabric which play a more aesthetic role 

to the overall building structure (e.g. slabs, walls, opening volumes) as opposed to the structural building 

elements which are vital to the support of the overall building structure (e.g. beams, columns). Building systems 

refer to devices which both consume energy and contribute to the building operation.  

Additionally, many of the building components are also annotated with several properties. Some of these 

components appear as elements in different product catalogues, referring to existing products in the market.  

For example, a building wall is connected to a specific material layer bedding, where each material has specific 

thermal properties, or a building boiler is connected to a set of performance measure values. 

2.3 Construction Process 

άGartner defines business process as an event-driven, end-to-end processing path that starts with a customer 

request and ends with a result for the customer. Business processes often cross departmental and even 

organizational boundaries.2έ Since the 1990s3 the business process is understood as a sequence of actions that 

are manually, semi-automatically or automatically performed aiming to achiŜǾŜ ǘƘŜ ŎƻƳǇŀƴȅΩǎ ƎƻŀƭǎΦ  

This leads to following conclusions: (a) The business processes are aligned to compŀƴȅΩǎ κ ŎǳǎǘƻƳŜǊǎ Ǝƻŀƭǎ ŀƴŘ 

(b) The business processes are executed on different ς social, virtual, physical - platforms. 

The construction process is not just how something is built; it is all the steps involved around the building of 

something. From site choice to final inspection (and all the thousands of conversations with contractors and 

 
1 https://standards.buildingsmart.org/IFC/DEV/IFC4_3/RC1/HTML/ 
2 https://www.gartner.com/en/information-technology/glossary/business-process 
3 Michael Hammer, James Champy: Business Reengineering. Die Radikalkur für das Unternehmen. 5. Auflage. 
Campus-Verlag, Frankfurt/ New York 1995, ISBN 3-593-35017-3 
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stakeholders in between), the construction process covers far more than the actual construction phase itself. It 

can be broken down into 6 main parts4: 

¶ Conception; 

¶ Design; 

¶ Pre-construction; 

¶ Procurement; 

¶ Construction; 

¶ Post-construction. 

The construction part is the physical processes of building, landscaping or refurbishing plus all the associated 

activities, such as demolition, site clearance, administration and so on. 

In COGITO, the different phases of a construction project need to be represented in order to be able to analyse 

the tasks that have taken place and suggest the following procedures. 

2.4 Reality Capture 

Within COGITO, reality capture tools will collect all the necessary data regarding the status and conditions of the 

construction site via imaging, laser scanning, localisation, and other means.  

Data will flow continuously from these tools to the platform, reflecting the actual state and progress/evolution 

of the construction site. Raw data captured by reality capture tools will serve as input to the pre-processing 

modules (Visual and IoT), which will populate data requested for the COGITO construction Digital Twin 

Applications (Visual & Geometric Quality Control, Health & Safety, and Workflow Simulation & Management). 

2.4.1 Multi -source Visual Data 

Devices that might be used for capturing the visual data could be any device that includes a built-in camera, for 

example a smartphone, a tablet, a head mounted display device (such as AR goggles), a satellite, a video camera, 

a, infrared or thermal cameras, etc. Those images might be direct captures as an image file or might be a frame 

capture of video. They might also be infrared images. Infrared images can be captured from infrared cameras 

and basically expand the portion of the spectrum that the human eye can see, by visualizing and measuring the 

thermal energy that is emitted from an object. Everything with an emitting temperature above absolute zero (0 

degrees in Kelvin) emits heat that can be displayed in an infrared image. 

There are two basic methods used for the description of images and image contents. The image data can be 

treated as a physical image representation and their meaning as a logical image representation [9]. The most 

common form of the physical image representation is the raster form. It includes the image header (describes 

the main image parameters, such as formal, resolution, bits per pixel number and compression information) and 

the image matrix (contains the image data). In the logical image representation, the description of the image 

object includes meta, semantic, colour, texture, shape and spatial attributes. Many of the features can be 

represented as sets of points tagged with labels to capture necessary semantics. 

2.4.2 Internet of Things 

Apart from the multi-source visual data, an Internet of Things (IoT) solution that (a) feeds the IoT Data Pre-

processing Module with raw IoT streams from the construction field, and (b) meet the IoT data requirements of 

the COGITO Digital Twins (DT) Applications, will be designed, developed, and delivered. More specifically, real-

time data acquisition about the crew, heavȅ ƳŀŎƘƛƴŜǊȅ ŀƴŘ ƻǘƘŜǊ ǊŜǎƻǳǊŎŜǎΩ ƭƻŎŀǘƛƻƴ ǘǊŀŎƪƛƴƎ ǿƛƭƭ ōŜ ƭŜǾŜǊŀƎŜŘ 

by a subset of Digital Twin Applications, such as the Proactive Health and Safety and the Workflow Monitoring. 

Initially, a thorough survey on a wide range of hardware IoT technologies will be performed, followed by an 

evaluation of available communication protocols. Among many, such as computer vision, ultrasonic and infrared, 

ǘƘŜ ǎǳǊǾŜȅ ǿƛƭƭ ŜƳǇƘŀǎƛȊŜ ǘƻ άƴƻƴ-ƭƛƴŜ ƻŦ ǎƛƎƘǘέ ƳŜǘƘƻŘǎΣ ǿƛǘƘ ǘƘŜ wŀŘƛƻ CǊŜǉǳency Identification (RFID)-based 

 
4 https://monday.com/blog/construction/what-is-a-construction-process/ 
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the Global Navigation Satellite System (GNSS)-based and Bluetooth being the most promising. The 

aforementioned survey will conclude to the IoT sensor network that the COGITO project will propose as the 

building and infrastructure construction phase IoT solution. 

Regardless the results of the survey, the IoT solution will encompass numerous IoT devices whose data formats 

and APIs will be heterogeneous. Devices from different vendors, which will be considered, may represent data 

in different formats, and even when a common format is used, the internal data model schema may vary. Such 

a diversity derives in semantic interoperability obstacles since each system can represent the same thing in 

different ways. Apparently, the semantic modelling of heterogeneous devices is a non-trivial task. The 

ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀƴ Lƻ¢ ƳƻŘŜƭ ǘŀƛƭƻǊŜŘ ǘƻ ǇǊƻƧŜŎǘΩǎ ǊŜǉǳƛǊŜƳŜƴǘǎ ƛǎ enticing, however it entails the risk of creating 

a model which is not extensible beyond the initial application and reduces interoperability with other existing 

solutions.  

Semantic Technologies, and more precisely ontology-based approaches, can be leveraged to remedy the 

aforementioned drawbacks. Among a wide range of available ontologies for IoT device metadata modelling and 

semantics annotation, ontologies that are supported by standardisation bodies are introduced in Section 5.2.1 

2.4.3 Simulation 

The aim of COGITO is to combine as-planned data with real-world data so that the simulation models can be 

calibrated to the actual state on construction sites. As much of the data is location data or time-series data, 

methods that account for spatial-temporal correlations (e.g. ARIMA modelling, kriging) can be very useful. 

Datasets created from real-time construction site data will be noisy and careful organisation of datasets will be 

needed to combine different types of data to be used in validation of simulation models. Information regarding 

proximity of workers and equipment in space and time and equipment sensor data will be collated from 

construction site data to infer worker behaviour and equipment use on site. Network analysis methods and 

graphical modelling approaches (e.g. Bayesian networks [10], Chain Event Graphs [11]) will be investigated for 

capturing the dependencies exhibited by the datasets associated with different activities.  

Once the simulation model has been developed and calibrated it will be used to optimise processes and 

workflow. Some of the inputs to the simulation model are uncertain (e.g. unexpected weather, inaccurate sign-

in records) ς if workflows are to be optimised robustly against the real-world (rather than the model) this 

uncertainty must be modelled and accounted for. Some uncertainties arise from extreme events (e.g. weather) 

so methods that deal with rare events (e.g. extreme value theory) will be tested. Other uncertainties may not 

have any associated data so methods for elicitation of probabilistic judgments from experts will be used. Bayesian 

statistical emulators will be explored for speeding up simulations. 

In this regard, data models and ontologies related to the simulation domain can be relevant to COGITO. 

2.5 Applications 

2.5.1 Workflow Management and Smart Contracts 

Workflow management is an integral part of a construction industry processes. It is used to control activities 

ƴŜŜŘŜŘ ŦǊƻƳ ǘƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴΩǎ ƛŘŜŀ ŎƻƴŎŜǇǘƛƻƴΣ ǘƘǊƻǳƎƘ ŀǊŎƘƛǘŜŎǘǳral and construction activities to the 

successful handover or even construction operŀǘƛƻƴΣ ŘŜǇŜƴŘƛƴƎ ƻƴ ŎǳǎǘƻƳŜǊΩǎ ƴŜŜŘǎ ŀƴŘ ŎƻƴǘǊŀŎǘǳŀƭ ƻōƭƛƎŀǘƛƻƴǎ 

agreed. Formalisation of the workflows in the real world highly depends on project complexity. Small private 

projects usually rely on informal control and contractor experience. More complex projects incorporate workflow 

control through the construction schedule and experience of the project manager, who is responsible for 

managing all anticipated and planned work. To follow and facilitate these real-world activities, workflow 

management tools are to be incorporated into the digital twin counterpart created in the COGITO. It will lead to 

better control, automatization, and optimisation of all processes throughout the project lifecycle. 

Nowadays blockchain has become a pervasive technology in a wide range of sectors such as finance, security, 

IoT or public services. A blockchain is a growing list of records, called blocks, which are linked using cryptography. 

Each block contains a cryptographic hash of the previous block so that once recorded, the data in any given block 
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cannot be altered retroactively without alteration of all subsequent blocks. One key emerging use case of 

blockchain technology involves άǎƳŀǊǘ ŎƻƴǘǊŀŎǘǎέΦ {ƳŀǊǘ ŎƻƴǘǊŀŎǘǎ ŀǊŜ ōŀǎƛŎŀƭƭȅ ŎƻƳǇǳǘŜǊ ǇǊƻƎǊŀƳǎ ǘƘŀǘ Ŏŀƴ 

automatically execute the terms of a contract. When a pre-configured condition in a smart contract among 

participating entities is met then the parties involved in a contractual agreement can be automatically made 

payments as per the contract in a transparent manner [12]. In COGITO, smart contracts will be introduced to the 

workflow modelling and automation process to enhance transparency and will provide trusted means to verify 

completion of construction tasks, asset release, etc. to facilitate automated financial exchanges and minimise 

transaction costs and administrative overhead in construction. 

2.5.2 Construction Safety 

Fatal accidents in construction remain on the top of occupational accident typesΩ list in the European Union [13] 

and therefore, construction health and safety planning and management is an essential part of construction 

projects. Construction health and safety aims to establish a safe and healthy occupational environment for the 

construction crew as well as to foster a safety culture in the industry. According to the definition of occupational 

health by the World Health Organisation (WHO), occupational health and safety focuses strongly on hazard 

prevention. To achieve that, several rules and regulations exist in national level, which have been supplemented 

by the EU guidelines for the construction industry, such as the EU Directive 92/57/EEC, which outlines the 

minimum mandatory safety and health provisions for any construction site and sets the obligation to develop a 

Safety and Health Plan. In construction, safety planning typically includes the risk and hazard identification 

process and the selection of corresponding safety measures [14]. International standards, such as ISO 31000 set 

the principles and guidelines for risk identification, analysis and evaluation.  

COGITO aims to integrate modern information and communication technologies to enhance health and safety in 

construction. Automated safety rule checking on continuously changing BIM data will allow for proactive 

occupational safety on construction sites. Additionally, artificial intelligence and machine learning for human and 

machinery trajectory prediction will potentially enable us to foresee hazardous situations and hence, improve 

health and safety in construction. 

2.5.3 Quality Control 

Quality Control (QC) in a construction project is a critical step to guarantee that the built elements meet the 

quality specifications (e.g. geometric tolerances) in order to ensure that the ǇǊƻƧŜŎǘ άachieves the intended level 

ƻŦ ǎŀŦŜǘȅ ŀƴŘ ǎŜǊǾƛŎŜŀōƛƭƛǘȅέ [15]. QC is also critical to ensure that the subsequent construction works are not 

delayed, mainly due to unplanned remedy reworks, resulting in additional costs.  

QC complements (or may also be considered part of) Quality Assurance (QA) that setups a quality management 

system (QMS) that ensures that processes (and/or products) meet specifications and regulatory requirements.  

A QMS is typically built on the Plan-Do-Check-Adjust (PDCA) cycle method to ensure continuous improvement. 

PDCA is promoted in ISO 9001 [16], the benchmark international standard on Quality Management Systems.   

The current practice in Geometric and Visual QC relies heavily on human input, which is prone to error, 

inefficient, and poorly connected with digitalisation efforts. For example, while geometric surveying practice is 

gradually (albeit slowly) adopting modern surveying technologies like Laser Scanning, the analysis of the acquired 

data to ensure that regulatory and project-specific specifications (tolerances) are met remains a manual and 

tedious process, prone to error.  

COGITO aims to transform current Geometric and Visual QC processes by developing tools that process 3D point 

clouds and 2D images from sites to automatically detect defects based on industry standard and organisation 

specifications and record them to the Digital Twin platform for enhanced quality information retrieval and 

visualisation. This shall result in significant performance gains, in terms of productivity and fewer occurrences of 

missed defects.  

Taking the above example of Geometric QC, COGITO will analyse Laser Scanning data automatically to ensure 

regulatory and project-specific specifications (tolerances) are controlled systematically and very efficiently. 
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Besides, integration with the DT will ensure that the geometric QC results are easily retrieved and visualised for 

fast information retrieval and decision making.  
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3 Construction Site 

3.1 General 

3.1.1 Relevant Data Models 

3.1.1.1 IFC 

The Industry Foundation Classes (IFC) is a standardised schema for describing building and non-building related 
model objects. IFC represents an open specification for BIM data that is exchanged and shared among various 
stakeholders engaged in a building/infrastructure construction or facility management project. Each IFC release 
is a candidate international openBIM standards, published by building Smart International5 (bSI) (the latest 
standardised version appears in ISO 16739, 2018). 

Its data are physically stored in a STEP file (readable with a text editor) using the EXPRESS data definition 
language. In addition to the IFC-EXPRESS specification an ifcXML specification is published as well, following the 
XML document structure.  

The IFC specification includes terms, concepts and data specification items that originate from their use within 
disciplines, trades, and professions of the construction and facility management industry sector. The data schema 
architecture of IFC defines four conceptual layers, while an individual schema is assigned to each conceptual 
layer. Figure 1 summarizes this layered schema IFC architecture. 

 

Figure 1 ς IFC layered architecture6 

 
5 https://www.buildingsmart.org/ 
6 https://standards.buildingsmart.org/IFC/DEV/IFC4_2/FINAL/HTML/introduction.htm 
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The four layers of IFC schema are the following: 

1. Resource layer τ the lowest layer includes all individual schemas containing resource definitions; those 

definitions do not include a globally unique identifier and shall not be used independently of a definition 

declared at a higher layer. 

2. Core layer τ the second to lowest layer includes the kernel schema and the core extension schemas, 

containing the most general entity definitions, all entities defined at the core layer, or above carry a 

globally unique id and optionally owner and history information. 

3. Interoperability layer τ the second to highest layer includes schemas containing entity definitions that 

are specific to a general product, process or resource specialization used across several disciplines, those 

definitions are typically utilized for inter-domain exchange and sharing of construction information. 

4. Domain layer τ the highest layer includes schemas containing entity definitions that are specializations 

of products, processes or resources specific to a certain discipline, those definitions are typically utilized 

for intra-domain exchange and sharing of information. 

IFC has a very accurate and detailed structure supporting various geometric representations for building and site 

elements which can be adopted for all COGITO geometry related operations. In addition, data from the 

Architectural, Structural, Construction management, Electrical, Plumping and HVAC domains could also be used 

in the project.  

3.1.1.2 CityGML 

CityGML is an open data model7 which has been recognised as a standard of the OGC since 2008. CityGML models 

have been developed to reach a common definition of the basic entities, attributes and relations of a 3Dmodel 

that goes beyond the building level and aims to represent cities, districts or landscape. They have been widely 

used as they provide features to share and manage the complexity of a city. The use of CityGML for the 3D digital 

twinning of construction projects is an option up for consideration.  

The CityGML standard contains definitions of the most important objects and their categories for the city 

information model. The CityGML information model consists of two types of modules: the core module and the 

extension modules. The core module contains the basic concepts and components of the CityGML information 

model. Extension modules ensure that the addition of new thematic classes to the city information model is 

possible. The most important objects of the city information model are divided into thematic modules according 

to their characteristics. These CityGML modelled themes include terrain models, buildings, bridges, water and 

traffic areas, vegetation and street furniture, etc. Appearance can be added to three-dimensional city objects, 

and this can be any form of visualization. The appearance can visualize items according to the shape, texture, 

materials or themes. The Application Domain Extension (ADE) of the CityGML information model is an extension 

feature that allows new items or properties to be added to the information model. The ADE can be also used to 

add energy information to buildings, for example.8 

The CityGML models also introduces the Level of Detail (LoD) concept which presents the possibility to generalise 

CityGML features from a very detailed to a less detailed description. LoD concept of the building model of 

CityGML is depicted in Figure 2. 

Many efforts have been made to achieve a higher-level of geometric and semantic granularity in the modules, 

especially in the building and core module. The LoD differentiates a Geometrical and a Semantical Level of Detail, 

which are separately defined for the interior and exterior features of a building. Therefore, the features of the 

real world are modelled, and two different types of representation are extracted. The combination of these types 

of representation provides even more detailed information about the Level of Details, a better description of the 

interior Level of Detail, a broadening of the opportunities for indoor modelling, and a better assignability to all 

other modules represented in CityGML [17]. CityGML can be used in COGITO to model the structures and 

components of the exterior and interior of the areas of interest for a construction project.  

 
7 https://vc.systems/en/explore/technical-articles/citygml/  
8 https://www.hel.fi/static/liitteet -2019/Kaupunginkanslia/Helsinki3D_Kalasatama_Digital_Twins.pdf 
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Figure 2 ς cityGML Building model [18] 

3.1.2 Relevant Ontologies 

3.1.2.1 DICO Ontologies 

Digital construction (DICO)9 ontologies are a suite of ontologies (see Table 1) that aim to capture the relevant 

objects and properties (relationships and attributes) that can be referred by people or systems during the 

management and execution of construction or renovation projects. They include physical and spatial entities, 

temporal regions, information contents, agents, activities, and groupings of objects. The DICO ontologies have 

been completed in the Linked Data and Ontologies work package of BIM4EEB project10. 

Table 1 ς Ontologies in the DICO suite 

Ontology Namespace Description 

Entities https://w3id.org/digitalconstruction/Entities 
Identifiable entities with 
classifications, breakdowns and 
groupings 

Processes https://w3id.org/digitalconstruction/Processes 
Activities, capabilities, constraints 
and variables 

Agents https://w3id.org/digitalconstruction/Agents 
Actors and stakeholders, and their 
relations and contracts 

Information https://w3id.org/digitalconstruction/Information 
Information content entities 
including designs, plans, events, 
and issues 

Contexts https://w3id.org/digitalconstruction/Contexts 
Multi-contexts data: 
planned/actual, as-designed/as-
built, levels of detail 

Variables https://w3id.org/digitalconstruction/Variables 

Variables and constraints to 
support the representation of 
incomplete plans and 
management of changes 

 
9 https://digitalconstruction.github.io/ 
10 https://www.bim4eeb-project.eu/ 



 
 D3.1 Survey of Existing Models, Ontologies and Associated Standardization Efforts 21 

 
 

 
  

 
COGITO ς GA ID. 958310  

COnstruction phase 

dIgital Twin mOdel 

 
 

Occupant 
Behavior 

https://w3id.org/digitalconstruction/OccupantBehavior Occupant behaviour and comfort 

Indoor Air 
Quality 

https://w3id.org/digitalconstruction/IndoorAirQuality Indoor air quality 

Building 
Acoustics 

https://w3id.org/digitalconstruction/BuildingAcoustics Building acoustics 

Energy 
Systems 

https://w3id.org/digitalconstruction/EnergySystems Energy systems of buildings 

Building 
Materials 

https://w3id.org/digitalconstruction/BuildingMaterials Building materials 

Lifecycle https://w3id.org/digitalconstruction/Lifecycle 
Evolution of information over 
construction lifecycle and 
refinement through LOD levels 

 

The top-level organization of the DICO ontologies are provided by the Basic Formal Ontology (BFO). It divides the 

entities into two classes, Occurrent (things taking place in time, such as processes) and Continuant (things taking 

place in space, such as physical entities or spatial regions). From the perspective of construction management, 

Activity - a subclass of Process - captures the intentional efforts of an Agent. An Agent can be a Person or an 

Organization and can have Capabilities and assume Roles. The construction process is characterized by a set of 

Information Content Entities, such as Designs, Plans, Contracts and Issues. 

The ontologies use or are aligned with well-known existing ontologies, as shown in Figure 3 (import relations are 

shown as solid and reference relations as dashed lines). The BFO is imported as the top-level ontology, the BIM 

models can be provided in ifcOWL (see section 3.1.2.2) or BOT (see section 3.2.1.2), and concepts from other 

ontologies such as OWL-Time (see section 4.2.1), PROV-O, FOAF, QUDT, SSN/SOSA (see section 5.2.1.2), and 

SAREF (see section 5.2.1.1) are used to the extent required. 

Although BIM4EEBs and COGITOΩǎ scopes are not identical, both deal with concepts that are relevant to 

construction projects. That is why DICO ontologies can potentially be a very useful resource for COGITO. 

 

Figure 3 ςExternal ontologies related to DICO ontologies9 
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3.1.2.2 ifcOWL  

Industry Foundation Classes (IFC) are an open specification for Building Information Modelling (BIM) data11. 

ifcOWL is an OWL DL representation of the IFC schema12. Using ifcOWL, which represents the IFC data as directed 

labelled graph, allows to link building data to related data sets such as material data, GIS data, and sensor data. 

Data management and exchange benefit from these linked data sets. 

ifcOWL is relevant to COGITO because it allows the specification of building life-cycle relevant data by open linked 

data standards. IFC is also oriented to the representation of construction data that may contain geometric and 

non-geometric data about the construction project.  

The complexity of the data model allows to exchange/store rich construction-site data sets. It must be evaluated 

though if its high complexity benefits or hinders COGITO towards developing an efficient data exchange format. 

3.1.2.3 BIMERR ontology network 

The BIMERR ontology network13 represents the semantic models that describe the different aspects of building 

renovation processes (e.g., energy efficiency, occupancy, building information models, etc.). Such models are 

defined following a modular approach, that is in the shape of a network, in which each domain (KPI, materials, 

building, etc.) could be reused independently (See Figure 4 and Table 2). 

 

Figure 4 ς The BIMERR ontology network14 

 
11 https://standards.buildingsmart.org/IFC/RELEASE/IFC4_1/FINAL/HTML/ 
12 https://technical.buildingsmart.org/standards/ifc/ifc-formats/ifcowl/ 
13 https://bimerr.eu/bimerr-tools/bimerr-ontology-network/ 
14 https://bimerr.iot.linkeddata.es/ 
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Table 2 ς Ontologies in the BIMERR network 

Ontology Namespace Description 

Occupancy 
Profile 

http://bimer r.iot.linkeddata.es/def/occupancy-profile 
hŎŎǳǇŀƴǘǎΩ behaviour inside 
buildings 

Sensor Data http://bimerr.iot.linkeddata.es/def/sensor-data 
Data from sensors located inside 
buildings 

Key 
Performance 
Indicator 

http://bimerr.iot.linkeddata.es/def/key-performance-
indicator 

Key Performance Indicator 
information related to building 
renovation works 

Weather http://bimerr.iot.linkeddata.es/def/weather weather data 

Building http://bimerr.iot.linkeddata.es/def/building building data 

Material 
Properties 

http://b imerr.iot.linkeddata.es/def/material-properties 
properties needed to describe 
building elements 

Annotation 
Objects 

http://bimerr.iot.linkeddata.es/def/annotation-objects 
annotations and extra 
information attached to building 
elements 

Information 
Objects 

http://bimerr.iot.linkeddata.es/def/information-
objects 

files and documents attached to 
building elements 

Renovation 
Process 

http://bimerr.iot.linkeddata.es/def/renovation-process 
construction processes in a 
building renovation project 

Metadata http://bi merr.iot.linkeddata.es/def/metadata 
annotation properties to support 
the ontology to data model 
transformation 

 

Since BIMERR15 is an ongoing project, we will have to pay attention to additions and updates before deciding on 

the suitability of its ontologies to the COGITO project. 

3.2 Building 

3.2.1 Relevant Ontologies 

3.2.1.1 SAREF4BLDG 

SAREF4BLDG16 extends the SAREF ontology (see section 5.2.1.1) by integrating devices that are defined in the 

IFC version 4 - Addendum 1 (see section 3.1.2.2,) thus enabling the representation of such devices and other 

physical objects in building spaces.  

SAREF4BLDG is an OWL-DL ontology with 72 classes (67 defined in SAREF4BLDG and 5 reused from the SAREF 

and geo ontologies17), 179 object properties (177 defined in SAREF4BLDG and 2 reused from the SAREF and geo 

ontologies), and 83 data type properties (82 defined in SAREF4BLDG and 1 reused from the SAREF ontology). 

Figure 5 presents an overview of the classes (only the top levels of the hierarchy) and the properties included in 

the SAREF4BLDG extension. As it can be observed, the classes s4bldg:Building, s4bldg:BuildingSpace and 

s4bldg:PhysicalObject have been declared as subclasses of the class geo:SpatialThing in order to reuse the 

conceptualisation for locations already introduced by the geo ontology. The modelling of building objects and 

building spaces has stemmed from the SAREF ontology; in this sense, the new classes deprecate the 

saref:BuildingObject and saref:BuildingSpace classes. In addition, a new class has been created, the 

s4bldg:Building class, to represent buildings. 

The concepts s4bldg:Building and s4bldg:BuildingSpace are related to each other by means of the properties 

s4bldg:hasSpace and s4bldg:isSpaceOf; such properties are defined as inverse properties among them. These 

 
15 https://bimerr.eu/ 
16 https://saref.etsi.org/saref4bldg/ 
17 http://www.w3.org/2003/01/geo/wgs84_pos# 

https://saref.etsi.org/saref4bldg/
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properties might also be used to declare that a s4bldg:BuildingSpace has other spaces belonging to the class 

s4bldg:BuildingSpace. 

The relationship between building spaces, devices and building objects has also been transferred and generalised 

from the SAREF ontology. In this regard, a s4bldg:BuildingSpace can contain (represented by the property 

s4bldg:contains) individuals belonging to the class s4bldg:PhysicalObject. This generalisation has been 

implemented in order to support building spaces to contain both building objects and devices. Accordingly, the 

classes s4bldg:BuildingObject and saref:Device are declared as subclasses of the s4bldg:PhysicalObject. 

Finally, the class that represents building devices, namely s4bldg:BuildingDevice, is defined as a subclass of both 

saref:Device and s4bldg:BuildingObject. This class is a candidate for replacing the saref:BuildingRelated class. 

 

Figure 5 ς General overview of the top levels of SAREF4BLDG [19] 

The main contribution of this extension is the representation of the devices defined in the IFC standard and their 

connections to SAREF. As a result, a hierarchy consisting of 62 classes has been created, considering the subset 

of the IFC hierarchy related to devices and adding several classes to clarify its categorisation. 

The SAREF4BLDG ontology appears to be of high relevance to COGITO, since it has been developed taking into 

consideration the Architecture, Engineering and Construction (AEC) and Facilities Management (FM) fields. It 

supports mechanisms to facilitate the exchange and interoperability of data between actors (architects, 

engineers, consultants, contractors, and product component manufacturers) along the different stages of the 

building life cycle (Planning and Design, Construction, Commissioning, Operation, Retrofitting/Refurbishment/ 

Reconfiguration, and Demolition/ Recycling). 

3.2.1.2 W3C BOT Ontology  

The Building Topology Ontology (BOT) [20] is a minimal OWL DL ontology for representing relationships between 

sub-elements of a building. The BOT ontology aims to combine multiple domain specific ontologies by following 

the common W3C principles for potential reuse. The BOT ontology is being developed by the W3C based LBDC 

(Linked Building Data Community) Group. This ontology presents a high-level representation of the topology of 

a building with spaces and stories including 3D mesh geometry of these components. Buildings, sites, stories and 

spaces are considered as non-physical objects that describe a spatial zone [21]. 

In a nutshell, the scope of BOT is to represent some specific relationships between the sub-elements of a building. 

A building usually consists of the building itself and several stories, rooms, and building components possibly 

related with each other. The object properties of the classes have specified domains and ranges so that a 

reasoner can infer classes automatically.  
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The BOT ontology is designed to allow for response to various competent questions such as: (1) how to describe 

adjacencies between various zones (2) how to express a building site, (3) how to express interfaces between 

element/element, zone/zone, or zone/element. Some specific ontologies for products, geometry, and properties 

are designed as domain working groups, all being aligned with BOT. 

Primary concepts described in BOT are the bot:Element bot:Zone, and the bot:Interface, as shown in Figure 6. 

BOT Zones could be further categorised as bot:Site, bot:Space, bot:Storey and bot:Building. Zones could have 

adjacent zones, related by the object property bot:adjacentZone. Zones kept in a building are described by the 

property bot:containsZone, which could be presented by the properties bot:hasBuilding, bot:hasStorey, and 

bot:hasSpace. 

 

Figure 6 ς Classes and relationships involved in Zones18 

The BOT ontology is pertinent for COGITO not only for representing buildings, but also the relationships between 

their sub-elements, such as the zones and spaces included in them. 

3.2.1.3 Brick Schema 

Brick Schema19 is an open-source ontology in RDF for describing the nature and context of different data sources 

in buildings. It incorporates a comprehensive class hierarchy describing the families of sensors, actuators, 

equipment and other building subsystems and a minimal set of relationships for describing the associations and 

connections between those entities. An example of building subsystem representation is illustrated in Figure 7. 

Some of the notable characteristics of the Brick schema are the following: 

¶ Extensibility: Brick classes are composed of tags, which enables the semantic reasoning and the creation 

of new classes in a structured manner; 

¶ Flexibility: Brick classes are hierarchical defined so developers can express their data requirements at 

different levels of abstraction, ensuring proper functionality; 

¶ Consistency: Brick classes guarantee maximum interoperability by preventing inconsistent usage of the 

metadata; 

¶ Usability: The semantic-web technologies (RDF) enable better interoperability as both the schema and 

the data are accessible from the standard RDF/OWL tools and technologies, e.g. SPARQL, Apache Jena. 

They can used to support storage, querying, composition and visualization of the Brick instances. 

 
18 https://w3c-lbd-cg.github.io/lbd/bot/ 
19 https://brickschema.org/ 
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The Brick schema is relevant to COGITO because it is centred on the concepts of (a) Building Topology; (b) Things 

(HVAC, building equipment) and their relations and (c) Data Sources (gateways, controllers, databases). 

 

Figure 7 ς Semantic representation of an AHU using the Brick Schema 

3.2.1.4 Building Product Ontology 

The Building Product Ontology (BPO)20 defines concepts to describe (building) products in a schematic way. It 

provides methods to describe assembly structures and component interconnections and attach properties to 

any component without restricting their types. To allow the description of complex properties, it also contains 

terms for unordered, two-dimensional lists. 

The BPO's scope is on the schematic description of products only, without including geometry or material 

compositions.  

The description of assebly structures within BPO relies on three classes and two properties: 

¶ bpo:Components, which serves as an abstract superclass of the following two classes, for ease of 

querying and enhanced reasoning; 

¶ bpo:Elements, that are components that cannot ς or will not ς be decomposed into further 

subcomponents and thereby pose as the smallest and most elementar components in this structure; 

¶ bpo:Assemblies, for components that consist of at least two sub-components (elements or other 

assemblies); 

¶ bpo:consitstOf, a property that is used to indicate that an bpo:Assembly consists of the related 

bpo:Component(s), for enhanced reasoning ς this property is defined to be transitive; and 

¶ bpo:isPartOf, the inverse property of bpo:consistsOf that defines of which bpo:Assembly a certain 

bpo:Component is a part of. 

Furthermore, a class for products (bpo:Product) that is also inheriting from the bpo:Component class  is 

introduced to indicate which components can be offered as product of a vendor or manufacturer. 

As shown in Figure 8, the BPO defines disjointness (red boxes) between all sibling classes with the exception of 

the bpo:Product class. Thus, users can define any bpo:Assembly or bpo:Element to be also a bpo:Product. 

The BPO additionally provides two new relations to define that a bpo:Assembly is composed of a bpo:Entity 

(bpo:isComposedOfEntity) and that an bpo:Entity realises a component (bpo:realisesObject). 

To describe the interconnections between product's components, the bpo:ComponentConnection class is 

introduced. This class is complemented by five relations: 

 
20 https://www.projekt-scope.de/ontologies/bpo/ 
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¶ bpo:hasOutgoingConnection to define the relation between the output of a bpo:Entity and its 

bpo:ComponentConnection; 

¶ bpo:ConnectsInputOIf to define the relation between a bpo:ComponentConnection and an input of a 

bpo:Entity it connects to; 

¶ bpo:isConnectedTo, a chain property to link two bpo:Entity directed from the output of the domain 

entity to the input of the range entity; 

¶ bpo:isConnectedFrom, the inverse property of bpo:isConnectedTo; and 

¶ bpo:isConnectedWith, a symmetric property, to define an undirected interconnection between two 

components. 

 

Figure 8 ς Overview of the BPO Class Hierarchy [22] 

The BPO ontology is relevant to COGITO since it provides means to describe building products in a schematic 

way, including the product structure, its properties, and its interconnections. 
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4 Construction Process 

4.1 Relevant Data Models 

4.1.1 IFC Construction Management 

The IFC4 schema, introduced in Section 3.1.1.1, also contains necessary structures to describe construction 

management activities such as scheduling, work execution processes, task sequencing and time allocation. As 

Figure 9 illustrates, under the main IfcProject class, multiple IfcProduct related classes are linked to IfcProcess 

related classes and the construction management concepts: an instance of the abstract IfcProduct class, e.g. an 

IfcCurtainWall, is associated to an instance of the abstract IfcProcess class, the IfcTask class, via the 

IfcRelAssignsToProduct relationship.   

 

Figure 9 ς Work management classes linked to product related classes  

The IfcTasks are parts of IfcWorkPlans, which in turn are parts of an IfcWorkSchedule. As Figure 10 demonstrates, 

the IfcTasks can be stacked horizontally in the same level and split vertically into other IfcTasks (sub-tasks) at a 

lower level, via the IfcRelSequence and IfcRelNests relationships, respectively. The IfcTasks are also linked to 

timing data via the IfcTaskTime, which refers to the starting time, the ending time and the time duration of each 

task. 

Within COGITO, the IFC Construction Process management classes can be used to support construction 

management operations such as process workflow management and simulation, work order management and 

blockchain executions and monitoring operations performed by respective COGITO tools. 
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Figure 10 ς Work management classes linked to task related classes  

4.1.2 Business Process Model and Notation 

Modern business process models are commonly represented in using the Business Process Model and Notation 

(BPMN) standard from OMG (c.f.21 22). 

The relevant concepts of the process meta model defined by BPMN are the following23:  

¶ ά¢ŀǎƪέΣ which is an atomic activity within a process flow of different types like send, receive, manual, 

business rule task, script or services; 

¶ ά{ǳō-ǇǊƻŎŜǎǎέΣ ǿƘƛŎƘ ƛǎ ŀ ŎƻƳǇƻǎŜŘ ŀŎǘƛǾƛǘȅ ŜȄǇǊŜǎǎŜŘ ŀǎ ǊŜŦŜǊŜƴŎŜ ǘƻ ŀƴƻǘƘŜǊ Ǉrocess; 

¶ άDŀǘŜǿŀȅέΣ ǿƘƛŎƘ ƛǎ ǳǎŜŘ ǘƻ Ŏƻƴtrol the process flow through an exclusive gateway (exactly one path), 

a parallel gateway (simultaneously running several paths in parallel), an inclusive gateway (waiting of 

all paths to fulfil conditions) or a special event or complex gateway; 

¶ ά9ǾŜƴǘέΣ ǿhich is something that happens during a Process and is either triggered externally or by the 

process itself ς there are different types of events, which can be classified in start, intermediate and 

end events; 

¶ ά5ŀǘŀέΣ which is described as input, output or as storage ς the definition of the data object is highly 

relevant when building the digital twin of an organisation because it allows to identify requirement and 

expectation of each activity that will be executed in the workflow; and 

¶ άtƻƻƭΣ [ŀƴŜǎ ŀƴŘ ǊŜƭŀǘƛƻƴǎέ  that describe the relations between objects and processes. 

The BPMN specifies the expressiveness of the modelling language in terms of graphical elements and their 

meanings. The formal definition of each element is not covered in the standard so each different BPMN modelling 

 
21 https://www.omg.org/spec/BPMN/2.0.2/PDF 
22 https://knowledge.boc-group.com/en/webinars/more-than-bpmn-2-0-bpmn-fit -for-business-practical-
simple-complete/ 
23 https://uk.boc-group.com/uploads/files/BOC_Poster_BPMN_20_EN_web_03.pdf 
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tools on the market use its own internal data model representation, however the exchange format of BPMN 

diagrams is defined in the BPMN specification and is worked out in the BPMN Diagram Interchange (DI) format. 

The format for BPMN exchanges is therefore the BPMN-DI24. 

In the BPMN Diagram Interchange25 format the process information is divided in two sections containing the (a) 

process model and (b) process diagram. The process model is concerned about the process content in term of 

tasks, events, gateways, and their relations, hence of utmost importance when using BPMN in context of digital 

twinning, such as COGITO. The process diagram is concerned about the graphical representation and visual 

representation of the diagram, like the position of every task in the model, their size or colour and so on. We 

consider this as important for avoidance of vendor lock-in but not relevant for the processing of a digital twin of 

the organisation.  

4.2 Relevant Ontologies 

4.2.1 W3C Time  

OWL-Time26 is an ontology of temporal concepts, for describing the temporal properties of resources in the world 

or described in web pages. The ontology provides a vocabulary for expressing facts about topological (ordering) 

relations among instants and intervals, together with information about durations, and about temporal position 

including date-time information. 

Figure 11 depicts the core model of the ontology, whose starting class is time:TemporalEntity with properties 

time:hasBeginning and time:hasEnd that link to the temporal instants that define its limits, and 

time:hasTemporalDuration to describe its extent. There are two subclasses: time:Interval and time:Instant, and 

they are the only two subclasses of time:TemporalEntity. Intervals are, intuitively, things with extent. Instants 

are, intuitively, point-like in that they have no interior points, but it is generally safe to think of an instant as an 

interval with zero length, where the beginning and end are the same. 

The class time:Interval has one subclass time:ProperInterval, which corresponds with the common 

understanding of intervals, in that the beginning and end are distinct, and whose membership is therefore 

disjoint from time:Instant. 

The class time:ProperInterval also has one subclass, time:DateTimeInterval. The position and extent of a 

time:DateTimeInterval is an element in a time:GeneralDateTimeDescription. 

Four classes in the ontology support an explicit description of temporal position. time:TemporalPosition is the 

common super-class, with a property time:hasTRS to indicate the temporal reference system in use. 

time:TimePosition has properties to alternatively describe the position using a number (i.e. a temporal 

coordinate), or a nominal value (e.g. geologic time period, dynastic name, archeological era). 

time:GeneralDateTimeDescription has a set of properties to specify a date-time using calendar and clock 

elements. Its subclass time:DateTimeDescription fixes the temporal reference system to the Gregorian calendar. 

Four additional classes support the description of the duration of an entity. time:TemporalDuration is the 

common super-class. time:Duration has properties to describe the duration using a scaled number (i.e. a 

temporal quantity). time:GeneralDurationDescription has a set of properties to specify a duration using calendar 

and clock elements, the definitions of which are given in the associated TRS description. Its subclass 

time:DurationDescription fixes the temporal reference system to the Gregorian calendar, so the time:hasTRS 

property may be omitted on individuals from this class. time:TemporalUnit is a standard duration which is used 

to scale a length of time, and to capture its granularity or precision. 

Two different sets of properties are used for time:GeneralDateTimeDescription or time:DateTimeDescription, 

and time:GeneralDurationDescription or time:DurationDescription, because their ranges are different. For 

 
24 https://www.omg.org/spec/BPMN/20100501/BPMNDI.xsd 
25 https://www.omg.org/oceb-2/documents/BPMN_Interchange.pdf 
26 https://www.w3.org/TR/owl-time/ 
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example, time:year (in time:DateTimeDescription) has a range of xsd:gYear which is a position in the Gregorian 

calendar, while time:years (in time:DurationDescription) has a range of xsd:decimal so that you can say "duration 

of 2.5 years". 

 

Figure 11 ς Core model of temporal entities26 

In COGITO, time-related concepts are associated to the different activities carried out during the construction 

phase and the state of the construction site at a certain moment. That is why this ontology can be useful for 

COGITO. 

4.2.2 BBO 

BPMN Based Ontology (BBO) [23] is also an ontology for business process representation based on the BPMN 

2.0 meta-model which allows describing processes, input/output specifications, agents that perform an activity, 

work process to specify the process that is required to produce it, and manufacturing facilities where the process 

activities should be performed. The code and documentation of the ontology are also available online27. 

Figure 12 shows the main BPMN concepts reused in the BBO ontology. The starting class is bbo:Process which 

can be described by indicating the bbo:FlowElements that compose it. The bbo:FlowElements class has two 

subclasses: bbo:SequenceFlow and bbo:FlowNode. The bbo:SequenceFlow represents transitions that ensure 

the move from the source bbo:FlowNode to the target one. A bbo:SequenceFlow may depend on a given 

condition, which is represented as an instance of bbo:Expression class. The bbo:FlowNode class groups the 

activities that compose a process into a bbo:Activity, which refers to the work to be performed. 

 
27 https://www.irit.fr/recherches/MELODI/ontologies/BBO# 
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Figure 12 ς Process class properties and related concepts from BPMN reused in BBO [23] 

In order to represent the input and output of each activity, as shown in Figure 13, the ontology defines the 

bbo:InputOutputSpecification which is related to a bbo:Resource. Moreover, to represent the parameter values 

specifications, the BBO ontology defines the bbo:ParameterValueBinding, the bbo:Parameter and its subclasses 

bbo:QualitativeParameter and bbo:QuantitativeParameter, the bbo:ParameterValue, and the 

bbo:ParameterExpectedValue. 

 

Figure 13 ς InputOutputSpecification class, linked properties and classes in BBO [23] 

Regarding the manufacturing facilities, the ontology defines the bbo:Station, where a particular job is performed, 

the bbo:Cell, which groups a set of related operations in the production flow, the bbo:Shop, where production is 

carried out, and the bbo:Factory which is the place where those production areas are located. 




























































