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Executive Summary  

This deliverable defines the overall COGITO software architecture, including the specification of core 

components along with their functionalities. It provides information about the first  version of the 

architecture [1] , detailing the outcomes of work performed thus far and including:  

1. Definition of the Conceptual Architecture : The Conceptual Architecture constitutes a high-level 

illustration  of the COGITO solution with the various components involved, as have been reviewed 

and refined ÉÎ ÔÈÅ ÄÅÌÉÖÅÒÁÂÌÅ Ȱ$ςȢρ ɀ 3ÔÁËÅÈÏÌÄÅÒ ÒÅÑÕÉÒÅÍÅÎÔÓ ÆÏÒ ÔÈÅ #/')4/ ÓÙÓÔÅÍȱ [2] . It also 

provides a high-level description of the components with their main functionalities that 

complements the conceptual architecture design. 

2. Use Case Sequence Diagrams: We developed UML sequence diagrams for each COGITO Use Cases 

(UCs) to convey high-level information about the relationships among the different components. 

We gave special attention to identifying and defining the relationships of each component with the 

Digital Twin Platform ɀ the core interoperability component.  

3. Component requirement s and specifications : A high-level sketch of dependencies among 

different parts of the COGITO system (e.g., individual components interfaces, etc.) is delivered, 

including information about the functional and non-functional requirements, the constraints of the 

different elements in terms of software and hardware resources, compatibility with standards, etc.  

4. The internal design of individual components : We provide UML component diagrams with 

information about each COGITO component's sub-components. 

This first version of the deliverable provides a solid basis for the further detailed specification and 

development of individual components. These developments will undoubtedly lead to necessary 

adaptations to the overall architecture that will be documented in the second version of this deliverable to 

be delivered on M18 of the project.  

 

 



 
 D2.4 COGITO System Architecture v1 4 

 
 

 
  

 
COGITO ɀ GA ID. 958310  

Construction  phase 

dIgital Twin  mOdel 

 
 

Table of contents  

Executive Summary ................................................................................................................................................................................. 3 

Table of contents ....................................................................................................................................................................................... 4 

List of Figures ............................................................................................................................................................................................. 6 

List of Tables ............................................................................................................................................................................................... 7 

List of Acronyms ........................................................................................................................................................................................ 8 

1 Introduction  ................................................................................................................................................................................... 10 

1.1 Scope and Objectives of the Deliverable ................................................................................................................ 11 

1.2 Relation to other Tasks and Deliverables .............................................................................................................. 11 

1.3 Structure of the Deliverable ........................................................................................................................................ 12 

2 COGITO Conceptual Architecture ......................................................................................................................................... 13 

2.1 Multi -Source Data Pre-Processing ............................................................................................................................ 14 

2.2 Digital Twin Platform ..................................................................................................................................................... 14 

2.3 Adaptive Process Modelling and Workflow Management ............................................................................. 14 

2.4 Quality Control  .................................................................................................................................................................. 15 

2.5 Health and Safety.............................................................................................................................................................. 15 

2.6 On-site and Off-Site Data Visualisation ................................................................................................................... 16 

2.7 Revised Conceptual Architecture and Information Flow ............................................................................... 16 

3 COGITO Use Cases ɀ Sequence Diagrams .......................................................................................................................... 19 

3.1 UC-1.1 ɀ Efficient and Detailed project workflow planning using the project's construction 

schedule and as-planned BIM model ....................................................................................................................................... 19 

3.2 UC-1.2 ɀ Systematic and secure execution, monitoring and updating of the project workflow ... 20 

3.3 UC-2.1 ɀ Automated geometric tolerance compliance checking in 3D point cloud data and 

allocation to DT building component ...................................................................................................................................... 21 

3.4 UC-2.2 ɀ (Semi-)Automated detection of construction defects from visual input captured using 

AR and drones .................................................................................................................................................................................... 22 

3.5 UC-3.1 ɀ BIM-based safety planning and hazard prevention before construction starts ................ 24 

3.6 UC-3.2 ɀ Monitoring, reporting, and proactive alarming of safety risks on outdoor construction 

sites 24 

3.7 UC-3.3 ɀ Safety-augmented Digital Twin is used for construction safety training ............................. 25 

3.8 UC-4.1 ɀ Remote visualisation of DT model information (Data Acquisition, Workflow, Safety, 

Quality) using the Digital Command Centre ......................................................................................................................... 26 

3.9 UC-4.2 ɀ On-site visualisation of QC and Safety Planning information using AR/mobile device . 27 

4 COGITO Components ɀ Requirements and Specifications ......................................................................................... 29 

4.1 Visual Data Pre-Processing .......................................................................................................................................... 29 

4.2 IoT Data Pre-Processing ................................................................................................................................................ 30 

4.3 Digital Twin Platform ɀ DT Platform ....................................................................................................................... 31 

4.4 Work Order Definition and Monitoring ɀ WODM .............................................................................................. 33 



 
 D2.4 COGITO System Architecture v1 5 

 
 

 
  

 
COGITO ɀ GA ID. 958310  

Construction  phase 

dIgital Twin  mOdel 

 
 

4.5 Work Order Execution Assistance ɀ WOEA .......................................................................................................... 35 

4.6 Process Modelling and Simulation ɀ PMS .............................................................................................................. 36 

4.7 Service-Level Agreement Manager ɀ SLAM .......................................................................................................... 37 

4.8 BlockChain Platform ɀ BCSC ........................................................................................................................................ 38 

4.9 Geometric Quality Control ɀ GeometricQC ........................................................................................................... 39 

4.10 Visual Quality Control ɀ VisualQC ............................................................................................................................. 40 

4.11 SafeConAI ............................................................................................................................................................................. 41 

4.12 ProActiveSafety ................................................................................................................................................................. 42 

4.13 VirtualSafety ....................................................................................................................................................................... 43 

4.14 Digital Command Centre ɀ DCC .................................................................................................................................. 43 

4.15 Digital Twin visualisation with Augmented Reality ɀ DigiTAR ................................................................... 45 

5 Deployment and Data Protection .......................................................................................................................................... 47 

5.1 Components diagrams ................................................................................................................................................... 47 

5.1.1 Visual Data Pre-Processing ..................................................................................................................................... 47 

5.1.2 IoT Data Pre-Processing .......................................................................................................................................... 47 

5.1.3 Digital Twin Platform ................................................................................................................................................ 48 

5.1.4 Work Order Definition and Monitoring ɀ WODM ......................................................................................... 49 

5.1.5 Work Order Execution Assistance ɀ WOEA .................................................................................................... 49 

5.1.6 Process Modelling and Simulation tool ɀ PMS ............................................................................................... 50 

5.1.7 Service-Level Agreement Manager ɀ SLAM .................................................................................................... 50 

5.1.8 BlockChain Platform ɀ BCSC .................................................................................................................................. 51 

5.1.9 Geometric Quality Control ɀ GeometricQC ...................................................................................................... 51 

5.1.10 Visual Quality Control ɀ VisualQC .................................................................................................................. 52 

5.1.11 SafeConAI .................................................................................................................................................................. 53 

5.1.12 ProActiveSafety ...................................................................................................................................................... 53 

5.1.13 VirtualSafety ............................................................................................................................................................ 54 

5.1.14 Digital Command Centre ɀ DCC ....................................................................................................................... 54 

5.1.15 Digital Twin visualisation with Augmented Reality ɀ DigiTAR......................................................... 55 

5.2 Data Protection ................................................................................................................................................................. 56 

6 Conclusions ..................................................................................................................................................................................... 58 

References ................................................................................................................................................................................................. 59 

Annex A ɀ Component Functional, Non-Functional Requirements and Interfaces Template ............................. 60 

 



 
 D2.4 COGITO System Architecture v1 6 

 
 

 
  

 
COGITO ɀ GA ID. 958310  

Construction  phase 

dIgital Twin  mOdel 

 
 

List of Figures  

Figure 1 ɀ Methodology for the definition COGITO system architecture - version 1 .............................................. 11 
Figure 2 ɀ Dependencies on other tasks of the COGITO work plan ................................................................................. 12 
Figure 3 ɀ COGITO system architecture [1] ............................................................................................................................... 13 
Figure 4 ɀ Revised Conceptual Architecture: Before Construction Starts .................................................................... 16 
Figure 5 ɀ Revised Conceptual Architecture: Construction Phase................................................................................... 17 
Figure 6 ɀ Sequence diagram of UC-1.1 ....................................................................................................................................... 19 
Figure 7 ɀ Sequence diagram of UC-1.2 ....................................................................................................................................... 21 
Figure 8 ɀ Sequence diagram of UC-2.1 ....................................................................................................................................... 22 
Figure 9 ɀ Sequence diagram of UC-2.2 ....................................................................................................................................... 23 
Figure 10 ɀ Sequence diagram of UC-3.1 ..................................................................................................................................... 24 
Figure 11 ɀ Sequence diagram of UC-3.2 ..................................................................................................................................... 25 
Figure 12 ɀ Sequence diagram of UC-3.3 ..................................................................................................................................... 26 
Figure 13 ɀ Sequence diagram of UC-4.1 ..................................................................................................................................... 27 
Figure 14 ɀ Sequence diagram of UC-4.2 ..................................................................................................................................... 28 
Figure 15 ɀ Component diagram of the visual data pre-processing tool ...................................................................... 47 
Figure 16 ɀ Component diagram of the IoT data pre-processing tool ........................................................................... 48 
Figure 17 ɀ Component diagram of the Digital Twin platform ......................................................................................... 48 
Figure 18 ɀ Component diagram of the WODM tool .............................................................................................................. 49 
Figure 19 ɀ Component diagram of the WOEA tool ............................................................................................................... 50 
Figure 20 ɀ Component diagram of the PMS tool .................................................................................................................... 50 
Figure 21 - Component diagram of the SLA Manager ............................................................................................................ 51 
Figure 22 ɀ Component diagram of the BCSC tool .................................................................................................................. 51 
Figure 23 ɀ Component diagram of the GeometricQC tool ................................................................................................. 52 
Figure 24 ɀ Component diagram of the VisualQC tool .......................................................................................................... 53 
Figure 25 ɀ Component diagram of the SafeConAI tool ....................................................................................................... 53 
Figure 26 ɀ Component diagram of the ProactiveSafety tool ............................................................................................ 54 
Figure 27 ɀ Component diagram of the VirtualSafety tool .................................................................................................. 54 
Figure 28 ɀ Component diagram of the DCC.............................................................................................................................. 55 
Figure 29 ɀ Component diagram of the DigiTAR tool in (a) QC mode and (b) safety mode ................................ 56 

 



 
 D2.4 COGITO System Architecture v1 7 

 
 

 
  

 
COGITO ɀ GA ID. 958310  

Construction  phase 

dIgital Twin  mOdel 

 
 

List of Tables 

Table 1 ɀ Visual Data Pre-Processing: Functional, Non-Functional Requirements and Interfaces .................. 29 
Table 2 ɀ IoT Data Pre-Processing: Functional, Non-Functional Requirements and Interfaces ........................ 30 
Table 3 ɀ DT Platform: Functional, Non-Functional Requirements and Interfaces ................................................. 31 
Table 4 ɀ WODM: Functional, Non-Functional Requirements and Interfaces ............................................................ 33 
Table 5 ɀ WOEA tool: Functional, Non-Functional Requirements and Interfaces .................................................... 35 
Table 6 ɀ PMS: Functional, Non-Functional Requirements and Interfaces.................................................................. 36 
Table 7 ɀ SLAM: Functional, Non-Functional Requirements and Interfaces ............................................................... 37 
Table 8 ɀ BlockChain Platform: Functional, Non-Functional Requirements and Interfaces ................................ 38 
Table 9 ɀ GeometricQC tool: Functional, Non-Functional Requirements and Interfaces ...................................... 39 
Table 10 ɀ VisualQC tool: Functional, Non-Functional Requirements and Interfaces ............................................ 40 
Table 11 ɀ SafeConAI: Functional, Non-Functional Requirements and Interfaces ................................................... 41 
Table 12 ɀ ProActiveSafety: Functional, Non-Functional Requirements and Interfaces ....................................... 42 
Table 13 ɀ VirtualSafety: Functional, Non-Functional Requirements and Interfaces ............................................. 43 
Table 14 ɀ DCC: Functional, Non-Functional Requirements and Interfaces ............................................................... 43 
Table 15  ɀ DCC: Functional, Non-Functional Requirements and Interfaces .............................................................. 45 
Table 16 ɀ Technical measures to ensure data protection and privacy throughout the COGITO system ...... 57 
Table 17 ɀ <Component Name>: Functional, Non-Functional Requirements and Interfaces ............................. 60 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 D2.4 COGITO System Architecture v1 8 

 
 

 
  

 
COGITO ɀ GA ID. 958310  

Construction  phase 

dIgital Twin  mOdel 

 
 

List of  Acronyms  

Term  Description  

AI Artificial Intelligence 

API Application Programming Interface 

AR Augmented Reality 

BCSC BlockChain Smart Contract 

BIM Building Information Model 

BPMN  Business Process Model and Notation 

COGITO Construction Phase diGItal Twin mOdel 

DB DataBase 

DCC Digital Command Centre 

DigiTAR Digital Twin visualisation with AR 

DoA Description of Action 

DT Digital Twin 

GDPR General Data Protection Regulation 

H&S Health and Safety 

HMD Head Mounted Display 

HSE Health, Safety and Environment 

HSEM Health, Safety and Environment Manager 

HSES Health, Safety and Environment Supervisor 

HSET Health, Safety and Environment Trainer 

IoT Internet of Things 

KPI Key Performance Indicator 

POPD Protection Of Personal Data 

PM Project Manager 

PMS Process Modelling and Simulation 

QC Quality Control 

QM Quality Manager 

QS Quantity Surveyor 

REST Representational State Transfer 

SDK Software Development Kit 

SLAs Service Level Agreements 

SLAM Service Level Agreements Manager 

SM Site Manager 

T Task 

UAV Unmanned Aerial Vehicle 

UC Use Case 

UDI User-Driven Innovation 

UI User Interface 

UML Unified Modelling Language 

UR User Requirement 



 
 D2.4 COGITO System Architecture v1 9 

 
 

 
  

 
COGITO ɀ GA ID. 958310  

Construction  phase 

dIgital Twin  mOdel 

 
 

VR Virtual Reality 

WODM Work Order Definition and Monitoring tool 

WOEA Work Order Execution Assistance tool 

WP Work package 

 

 

 



 
 D2.4 COGITO System Architecture v1 10 

 
 

 
  

 
COGITO ɀ GA ID. 958310  

Construction  phase 

dIgital Twin  mOdel 

 
 

1 Introduction  

This deliverable reports on the first version of COGITO system architecture, and it constitutes the first 

outcome of ȰT2.4 ɀ COGITO System Architecture DesignȱȢ This work  delivers the overall COGITO architecture 

and the specifications of core components along with their functionalities. The COGITO partners followed a 

specific methodology to design the software architecture that will act as the backbone of all the subsequent 

developments foreseen in the project. 

To deliver the architectural definitions and to materialise the conceptual architecture design, well-known 

and well-established software engineering tools have been used (e.g. sequence diagrams, deployment 

views). The Unified Modelling Language (UML) has been used [3] , a modelling standard that facilitates the 

creation of standardisÅÄ ÄÉÁÇÒÁÍÓ ÔÏ×ÁÒÄÓ ÉÍÐÒÏÖÉÎÇ ÃÏÍÍÕÎÉÃÁÔÉÏÎ ÁÎÄ ÉÎÃÒÅÁÓÉÎÇ ÐÒÏÊÅÃÔ ÓÔÁËÅÈÏÌÄÅÒÓȭ 

engagement. In general, increased engagement is likely to contribute to: 

¶ improved quality during the design and development of the software; 

¶ reduction of errors; and  

¶ improvement of the end-user acceptance of the solution.  

 

UML dramatically facilitates the design process: diagrams and specifications can be created, studied, 

reviewed, and modified collaboratively, promoting common understanding. The UML is assumed as the de 

facto standard for software modelling [3] , and, thus, it is adopted in the COGITO architectural design.   

The methodology has been based on agile principles with multiple iterations and continuous and interactive 

communication with the COGITO partners, as illustrated in Figure 1. The process consists of six (6) steps as 

defined below:  

¶ Step 1: Revision of the DoA conceptual architecture updating the COGITO components to align with 

the most recent work detailed in the $ςȢρ Ȱ3ÔÁËÅÈÏÌÄÅÒ ÒÅÑÕÉÒÅÍÅÎÔÓ ÆÏÒ ÔÈÅ #/')4/ ÓÙÓÔÅÍȱȠ 

¶ Step 2: Definition of the conceptual data flow and high-ÌÅÖÅÌ ÂÕÉÌÄÉÎÇ ÂÌÏÃËÓȭ ÄÅÐÅÎÄÅÎÃÉÅÓȠ 

¶ Step 3: Creation of UML sequence diagrams of all the Use Cases (UCs) defined in the D2.1; 

¶ Step 4: Identification of components requirements in terms of software / hardware, programming 

language (s), etc. as well as functional & non-functional specifications and internal/external 

dependencies; a clear definition of interfaces required for their operation (input/o utput data, 

format, method, endpoint, and protocol)  ɀ see Annex A for the template created to support this 

activity ; 

¶ Step 5ȡ #ÒÅÁÔÉÏÎ ÏÆ 5-, ÃÏÍÐÏÎÅÎÔ ÄÉÁÇÒÁÍÓ ÁÌÉÇÎÅÄ ×ÉÔÈ ÔÈÅ ÃÏÍÐÏÎÅÎÔÓȭ ÒÅÑÕÉÒÅÍÅÎÔÓ ÁÎÄ 

interfaces table (step 4) and the UML sequence diagrams (step 3); 

¶ Step 6: Finalisation of the conceptual architecture and drafting the current document, including 

ÔÈÅ ÍÏÓÔ ÒÅÃÅÎÔ ÖÅÒÓÉÏÎ ÏÆ ÁÌÌ 5-, ÄÉÁÇÒÁÍÓ ÁÎÄ ÔÈÅ ÒÅÓÐÅÃÔÉÖÅ ÃÏÍÐÏÎÅÎÔÓȭ ÔÁÂÌÅÓȢ  

 

Online collaborative tools involving all partners were extensively used to ensure alignment, consistency, 

and shared understanding among the consortium members. Key meetings where critical decisions were 

taken regarding the definition of the architecture were:  

¶ The Work Package (WP) targeted online meetings , organised with the participation of all 

involved partners and aimed at defining components requirements aligned with the WPs / Tasks 

description. Inter-dependencies, as regards the work and time plan were also identified during 

these telcos; 

¶ Two (2) technical workshops , organised with the participation of all partners and aimed at 

discussing, fine-tuning, and agreeing on the UML sequence diagrams of all the COGITO UCs.  
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Figure 1 ɀ Methodology for the definition COGITO system architecture  - version 1  

1.1 Scope and Objectives of the Deliverable  

Based on the COGITO DoA, the scope of the current document is to deliver the overall architecture of the 

COGITO solution and the specifications of the key components along with their functionalities. The objective 

is to provide an appropriate decomposition of the COGITO solution without detailing the interface 

specifications, to be elaborated in ȰWP3 ɀ COGITO Data Model and Reality Capture Data ToolsȱȢ To this end, 

critical  architectural elements were identified, including components and their relationships, as well as 

relevant architectural mechanisms to address cross-cutting relationships (i.e., those not localized within a 

single component but affecting the design and operation of other parts of the architecture). One of the core 

outcomes of this work is the updated conceptual architecture diagram, presented in this document, that 

identifies the system components and interconnections (data flows) amongst them. 

Aspects pertaining to deployment and the implementation technologies/platforms of the various COGITO 

tools are also investigated as part of this deliverable. This is to ensure operational capacity in the various 

environments where the tools will be deployed ɀ from cloud-based ICT tools to Augmented Reality (AR) 

glasses and construction site Internet of Things (IoT) components. Finally, the mechanisms defined as part 

of COGITO architecture design that will guarantee data protection and privacy throughout the COGITO 

system are discussed in alignment with the ȰD10.2 ɀ POPD - Requirement No. 2ȱ [4]  and the ȰD1.2 ɀ Data 

Management Planȱ [5] . 

1.2 Relation to other Tasks and Deliverables  

This document is the first tangible outcome of the ȰT2.4 ɀ COGITO System Architecture Designȱȟ ×ÈÉÃÈ ɀ based 

on the DoA ɀ falls under the activities of ȰWP2 ɀ Stakeholders Requirements, Evaluation Planning and 

Architecture DesignȱȢ 4ÈÅ ×ÏÒË ÐÅÒÆÏÒÍÅÄ ÓÔÒÏÎÇÌÙ ÄÅÐÅÎÄs on various tasks and deliverables within the 

WP2 and beyond as depicted in Figure 2. More specifically:  

¶ Architecture design is primarily based on the work performed in ȰT2.1 ɀ Elicitation of Stakeholder 

Requirementsȱ ÁÎÄ ÉÔÓ primary  outcome i.e., ȰD2.1 ɀ Analysis of digital tools market and prevailing 

regulatory frameworksȱȢ -ÏÒÅ ÓÐÅÃÉÆÉÃÁÌÌÙȟ ÔÈÅ #/')4/ ÃÏÍÐÏÎÅÎÔÓ ÁÎÄ ÔÈÅÉÒ ÉÎÖÏÌvement in the 

various UCs were essential for developing this version of COGITO system architecture. 

¶ Another important input was the work performed within ȰT3.1 ɀ Survey of Existing Data Models & 

Ontologies & Associated Standardization Effortsȱ ÁÎÄ ÉÔÓ ÄÅÌÉverable ȰD3.1 ɀ Survey of Existing Models 

& Ontologies & Associated Standardization Effortsȱ [6]  including a comprehensive review of the 

relevant data models, ontologies, and standardisation initiatives.   

¶ ȰD2.3 ɀ COGITO evaluation methodologyȱ ɉÏÕÔÐÕÔ ÏÆ ȰT2.3 ɀ Development of an Evaluation 

Methodology for the Impact of COGITO ToolsȱɊ ÐÒÏÖÉÄÅÄ ÔÈÅ ÍÅÔÈÏÄÏÌÏÇÙ ÆÏÒ ÔÈÅ ÅÖÁÌÕÁÔÉÏÎ ÏÆ ÔÈÅ 

COGITO solution and tools, from both functional and usability viewpoints supporting the 

consortium to ensure alignment with the overall solution design; 
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¶ From a market viewpoint , ȰT2.2 ɀ Analysis of Regulations & Markets for Digitalization in Construction 

Industry" provided the analysis of the regulatory and market conditions within which the COGITO 

digital twin tools will be called upon to make an impact. This supported consortium members to 

guide architectural decisions, taking into account business opportunities as well. 

 

Figure 2 ɀ Dependencies on other tasks of th e COGITO work plan 

Apart from the abovementioned tasks/deliverables that were valuable inputs for this work, this document 

(along with its next version) will act as the backbone of all sub-sequent developments foreseen in the 

project. Thus, D2.4 will guide the activities to be performed in all WPs / Tasks dealing with the design and 

development of the various COGITO components, namely:  

¶ ȰWP3 ɀ COGITO Data Model and Reality Capture Data ToolsȱȠ 

¶ ȰWP4 ɀ On-ÓÉÔÅ 7ÏÒËÅÒÓȭ (ÅÁÌÔÈ Ǫ 3ÁÆÅÔÙ !ÓÓÕÒÁÎÃÅ 4ÏÏÌÓȱȠ 

¶ ȰWP5 ɀ Geometric and Visual Quality Control ToolsȱȠ 

¶ ȰWP6 ɀ !ÄÁÐÔÉÖÅ 7ÏÒËÆÌÏ× -ÏÄÅÌÌÉÎÇ ÁÎÄ 7ÏÒËÆÌÏ× -ÁÎÁÇÅÍÅÎÔ !ÕÔÏÍÁÔÉÏÎ 4ÏÏÌÓȱȠ  

¶ ȰWP7 ɀ COGITO Digital Twin PlatformȱȠ ÁÎÄ 

¶ ȰT8.1 ɀ End-to-end ICT System Integration, Testing and RefinementȱȢ 

1.3 Structure of the  Deliverable  

The deliverable is structured as follows: 

¶ Section 1 introduces the document; 

¶ Section 2 describes the COGITO conceptual architecture, the updates made as regards the relevant 

diagram provided in the COGITO DoA and the core building blocks of the solution; 

¶ Section 3 provides the UML sequence diagrams of all COGITO UCs along with a brief description of 

the interactions that are taking place in each of them; 

¶ Section 4 provides the requirements and specifications of all the components of COGITO 

architecture following the template in Annex A; 

¶ Section 5 provides the UML component diagrams of all the components of COGITO architecture 

accompanied by a description of their main sub-elements. In the same section the main technical 

data protection mechanisms already identified are presented; and 

¶ Finally, Section 6 concludes the document. 

 

T2.1 Stakeholder requirements

V Analysis of the end-user requirements to

create the necessary inputs for defining

the different components;

V Businessscenariosand Usecases.

T3.1 Data models & ontologies survey

V Survey on data models, ontologies and

standardization initiatives related to the

construction phase

T2.3 Evaluation Methodology

V Identification of KPIs and baselines for

the objective and quantified estimation of

the benefits of COGITOtools

T2.2 Market Analysis

V Analysis of digital tools market and

prevailing regulatory frameworks in the

construction sector

T2.4 COGITO system architecture (v1)
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2 COGITO Conceptual Architecture 

This section provides information about the role of each high-level key component, as appeared in the initial 

conceptual architecture diagram of the project, introduced in the Description of Action (DoA) [1] . The 

COGITO system architecture comprises: 

¶ the COGITO Digital Twin (DT) Platform, a data integration middleware that supports the complex 

requirements of each of the applications; 

¶ the Multi-source Visual and IoT Data Pre-processing components to pre-process raw visual and IoT 

data respectively; 

¶ the Health & Safety (H&S) components to generate rules for hazard detection based on design & 

planning, and issue preventive warnings or alerts to construction workers and operating 

suggestions for equipment operators to mitigate dangerous situations leveraging real-time 

information from the site; 

¶ the Quality Control components to retrieve as-designed and as-is data from the DT Platform and 

detect defects and areas out of tolerance using advanced algorithms; 

¶ the Workflow modelling, simulation and management components to monitor and optimise the 

construction processes in terms of cost and time; and  

¶ applications (apps) for AEC stakeholders, that retrieve metrics and messages populated by the 

health & safety, Quality Control and workflow management services from the DT Platform to 

support off-site and on-site crew activities and training.  

Common ground of all above is the COGITO data models and ontologies, which organise data elements and 

standardise their relations, to the extent possible.  

 

Figure 3 ɀ COGITO system architecture [1]  

These component groups, reviewed and refined in the ÃÏÎÔÅØÔ ÏÆ ȰT2.1 ɀ Elicitation of the Stakeholders 

requirementsȱ ÁÃÔÉÖÉÔÉÅÓ [2] , are introduced below.  
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This section aims ÔÏ ÂÒÉÅÆÌÙ ÐÒÅÓÅÎÔ ÅÁÃÈ ÃÏÍÐÏÎÅÎÔȭÓ ÓÃÏÐÅ before illustrating the revised conceptual 

architecture and the information flow among them.  

2.1 Multi -Source Data Pre-Processing 

The Visual and IoT Data Pre-processing components will be responsible for filtering and processing raw 

data acquired on-site and serving data requested for real-time resources tracking (personnel and heavy 

machinery) and objects detection and recognition.  

The Visual Data Pre-processing  component, designed, developed, ÁÎÄ ÄÅÌÉÖÅÒÅÄ ÉÎ ȰT3.5 ɀ Visual Data Pre-

processing Moduleȱȟ will be in charge of smoothing, denoising and enhancing raw data acquired by laser 

scanners and photogrammetry on the ground or mounted on Unmanned Aerial Vehicles (UAVs).  

)Î ȰT3.3 Έ IoT solution in Construction Phaseȱ ×Å ÉÎÖÅÓÔÉÇÁÔÅ ÔÈÅ ÓÅÎÓÏÒÓ ÁÎÄ ÒÅÌÅÖÁÎÔ ÃÏÍÍÕÎÉÃÁÔÉÏÎ 

protocols capable of capturing construction site as-is data. The survey mentioned above will conclude to 

the IoT sensor network that will feed the IoT Data Pre-processing  compoÎÅÎÔȟ ÄÅÖÅÌÏÐÅÄ ÉÎ ȰT3.4 Έ IoT 

Data Pre-Processing ModuleȱȢ 4ÈÅ )Ï4 $ÁÔÁ 0ÒÅ-processing component will filter raw data from IoT devices 

installed on the construction field and generate datasets stored in the COGITO DT Platform. This component 

will apply advanced data cleansing techniques, focusing on detecting and removing potential errors and 

inconsistencies in the raw datasets.  ɚ seamless communication with the DT Platform will be achieved using 

RESTful Application Programming Interfaces (APIs).  

2.2 Digital Twin Platform  

The Digital Twin platform (DT Platform Ɋȟ ÔÏ ÂÅ ÄÅÓÉÇÎÅÄ ÁÎÄ ÓÐÅÃÉÆÉÅÄ ÉÎ ȰT7.1 ɀ Digital Twin Platform 

Design & Interface Specificationȱ ÁÎÄ ÄÅÖÅÌÏÐÅÄ ×ÉÔÈÉÎ ȰT7.2 ɀ Extraction, Transformation & Loading Tools 

and Model Checkingȱȟ ÉÓ Á ÓÅÍÁÎÔÉÃÁÌÌÙ-enabled data integration middleware. The core functionalities to be 

provided by the DT platform include Master Data Management services, which include operational support 

for storing, versioning, routing and consistent updating of the data that comprise the virtual representation 

of the construction site.  

The DT Platform will support the COGITO services and applications by providing a central repository for all 

types of data available before construction (e.g., 3D BIM models, schedules, and resources), during 

construction (point clouds, images, sensor tracking data and videos), and derived quantities like 

performance data Visual and Geometric Quality Control results, or even Health and Safety Rules.  

The proposed central repository will be supported by an ontology framework that will be capable to capture 

all data requirements for the digital representation of the COGITO environment, to integrate the data 

provided by the different COGITO components and to respond efficiently to various data needs of the 

COGITO services and applications. The COGITO ontology framework will be also aligned with well-known 

standards such as SAREF1, which is supported by the European Telecommunications Standards Institute, 

and W3C Thing Description2. 

2.3 Adaptive Process Modelling and Workflow Management  

For the Adaptive Process Modelling and Workflow Management, five components will be deployed. 

1. The Process Modelling and Simulation (PMS) tool, developed in ȰT6.2 ɀ Adaptive 

Processes/Workflow Modelling and Simulation-based Optimisationȱ, will be used in the planning 

phase (before the actual construction starts) to develop process and workflow models of all 

interactions between the various tasks, building components and resources that a construction 

project entails. In the construction phase, the PMS will provide functionalities for (a) simulation 

and formal verification of the process of the designed construction project to allow the project 

managers to identify process steps or interactions that are critical for the successful 

implementation of the project, (b) optimisation opportunities to minimise time and/or cost.  

 
1 https://saref.etsi.org/   
2 https://www.w3.org/2019/wot/td   

https://saref.etsi.org/
https://www.w3.org/2019/wot/td
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2. The Work Order Definition and Monitoring (WODM) tool, developed ÉÎ ȰT6.3 ɀ Adaptive Workflow 

Management and Automationȱȟ ×ÉÌÌ ÂÅ ÕÓÅÄ to define work order templates, generate work orders 

and executing/monitoring the defined workflow. Adaptiveness is necessary to account for 

unexpected effects leading to updates of the work orders and assignments to personnel, such as: 

weather patterns that may prohibit specific works, equipment availability shortness, etc. The 

7/$- 5ÓÅÒ )ÎÔÅÒÆÁÃÅ ɉ5)Ɋ ×ÉÌÌ ÂÅ ÄÅÓÉÇÎÅÄ ÁÎÄ ÄÅÌÉÖÅÒÅÄ ÉÎ ÔÈÅ ÃÏÎÔÅØÔ ÏÆ ȰT6.4 ɀ Personalised On-

site Works Support and Relevant Apps DevelopmentȱȢ 

3. The Work Order Execution Assistance (WOEA) is an application for on-site workers, that will 

provide functionalities to assist them in reporting work progress and alert them for hazardous 

components and areas. This component will be another outcome of T6.4 activities.  

4. Blockchain-enabled smart contracts will interact with the WODM tool to provide trusted means to 

verify the completion of construction tasks. To this direction two main components are designed, 

developed and deliverÅÄ ×ÉÔÈÉÎ Ȱ4φȢρ ɀ Blockchain & Smart Contracts on the Workflow Modelling 

ÁÎÄ -ÁÎÁÇÅÍÅÎÔȱȟ ÔÈÅ Service Level Agreements Manager (SLAM) and the BlockChain-enabled 

Smart Contracts (BCSC) platform.  

2.4 Quality Control  

For the as-built Quality Control management, within COGITO, two main components are being developed: 

the Scan-vs-BIMɀbased Geometric Quality Control (GeometricQC) and the Deep Learning-based Visual 

Quality Control (VisualQC) components. 

GeometricQC, to be designed, developed, ÁÎÄ ÄÅÌÉÖÅÒÅÄ ×ÉÔÈÉÎ ȰT5.1 ɀ Scan-vs-BIM Geometric Quality 

ControÌȱ ÁÎÄ ȰT5.3 ɀ BIM-based Standard Test Methods for Geometric Quality Controlȱȟ ÁÉÍÓ ÔÏ ÁÕÔÏÍÁÔÉÃÁÌÌÙ 

control the geometric quality of the executed works against the specified geometric dimensions and 

tolerances, given the as-built 3D data acquired on-site. The as-built 3D data consist of (dense laser scanned) 

point clouds acquired on-site. The specified dimensions are obtained from the as-planned 4D BIM data, 

whereas the specified tolerances are obtained from ISO/CEN standards used by industry (and translated 

digitally to enable the automated process). The QC results are modelled and semantically linked to the 

BIM/DT model. 

The VisualQC tool will automatically detect common visible defects of constructed/erected concrete 

components and their severity in colour images (visual spectrum). The QC results are modelled and 

semantically linked to the BIM/DT data models. 4ÈÅ 6ÉÓÕÁÌ1# ×ÉÌÌ ÒÅÓÕÌÔ ÆÒÏÍ ȰT5.2 ɀ Deep Learning Image 

Processing for Visual Quality ControlȱȢ  

2.5 Health and Safety 

Health and safety measures can be taken during the design and planning phase to prevent accidents on the 

construction site. In this direction, within COGITO, the SafeConAI ÃÏÍÐÏÎÅÎÔ ÉÓ ÂÅÉÎÇ ÄÅÖÅÌÏÐÅÄ ÉÎ ȰT4.1 ɀ 

Health & Safety Prevention through Design and Planningȱ. SafeConAI aims to process the as planned 4D BIM 

data of a construction project and based on a health and safety rule checking prototype, propose mitigation 

measures, enhancing the 4D BIM data with relevant information. 

ProActiveSafety  will be the solution to accidents prevention in the construction phase. This component, 

ÍÁÉÎ ÏÕÔÃÏÍÅ ÏÆ ȰT4.2 ɀ Proactive Real-time Risk Monitoring and Detectionȱ ÁÎÄ ȰT4.3 ɀ Tools for 

Personalized Alerts, Prediction and Feedbackȱ ×ÉÌÌ ÕÔÉÌÉÓÅ ÂÅÈÁÖÉÏÕÒÁÌ ÄÁÔÁ ÏÆ ÒÅÓÏÕÒÃÅÓ ɉÅÑÕÉÐÍÅÎÔ ÁÎÄ 

personnel) on the construction site to avoid close-calls, accidents, and collateral damage. The location data, 

acquired by the IoT Data Pre-processing component will be utilised to analyse and predict trajectories of 

resources with a focus on four primary  areas that reflect detection, avoidance, tracking, prediction, and 

learning. Estimated paths will be cross-checked with potential hazards based on previous 

experiences/observations, rules, and the probability of hazards given the dynamic nature of the work 

environment. Functionalities for performing timely data processing using cloud-based artificial intelligence, 

and issuing preventive warnings or alerts to construction workers will be supported by this component. 
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2.6 On-site and Off-Site Data Visualisation  

The Digital Command Centre (DCC) will be the off-site data visualisation solution, that will help the Project 

Manager to monitor through visualisation the construction progress, detected QC defects and H&S issues. 

It will be used to visualise, navigate and walkthrough the 3D BIM model, focusing on the geometric data, 

construction resources data and other data and annotations generated by the QC, H&S and Workflow tools 

(available through the DT platform). The DCC ×ÉÌÌ ÂÅ ÔÈÅ ÍÁÉÎ ÏÕÔÐÕÔ ÏÆ ȰT7.3 ɀ Data Transformation for 3D 

BIM Renderingȱ ÁÎÄ ȰT7.4 ɀ 3D Mesh Data Quality and Consistency Checker and 3D Data Transformation 

TestingȱȢ 

The Digital Twin visualisation with Augmented Reality (DigiTAR) tool, a software package for commercial 

AR head mounted displays, prototyped, developed and deliverÅÄ ÉÎ ȰT5.4 ɀ User Interface for Construction 

Quality Controlȱȟ will provide on-site visualisation of useful information such as geometric and visual quality 

control results (defects) as well as safety hazards using AR/mobile device. 

Apart from the on-site and off-site data visualisation solutions mentioned above and intended to be used in 

the construction phase, VirtualSafety  is another application planned for Health and Safety educational and 

training purposes. It  ×ÉÌÌ ÂÅ ÄÅÖÅÌÏÐÅÄ ×ÉÔÈÉÎ ȰT4.4 ɀ Personalised Safety Education and LearningȱȢ 

2.7 Revised Conceptual Architecture and Information Flow  

Having concluded a list of fifteen COGITO main components, introduced above, the conceptual COGITO 

system architecture of Figure 3 has been reviewed and refined to illustrate the high-level interactions and 

information flow among these components. To reflect the information flow on the system architecture and 

improve its readability, we decided to split the overall solution into two diagrams. The first diagram depicts 

the revised conceptual architecture that involves all COGITO components that are used in the planning 

phase, before the actual construction works start (see Figure 4). In contrast, the second diagram represents 

the information flow between the COGITO components that are applied in the construction phase (see 

Figure 5). In both Figures, information about the partner leading each component development is provided. 

 

Figure 4 ɀ Revised Conceptual Architecture: Before Construction Start s 

As can be seen in Figure 4, before the construction works of a project start, the as-planned data of the project 

are uploaded to the DT platform. As-planned data includes the 3D BIM model, scheduling data that could be 

the fourth dimension of the BIM model, and the resources (workers and their roles and heavy machinery). 

Then, the information flows as follows: 

1. The PMS tool requests and receives a subset of the 4D BIM data (as-planned schedule including 

construction elements IDs) from the DT Platform. Using process and workflow templates, that have 
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been designed and store in its local Database (DB), it generates an optimised business process and 

workflow model that is sent to the WODM tool. In parallel, SafeConAI requests and receives (a) the 

4D BIM data from the DT Platform, and (b) formalised safety code rules from its local DB, to enhance 

the 4D BIM data with health and safety information. The enhanced 4D BIM model is forwarded to 

the DT Platform.  

2. The WODM tool requests and receives (a) the as-planned resources data from the DT Platform and 

(b) the SLAs templates from SLAM, and after the user input to define the work orders and their 

assignments to personnel, it sends the associated SLAs along with involved personnel and tasks 

back to SLAM (this information might also be sent to the DT Platform). 

In the construction phase (see Figure 5), groups of components are collaborating to provide support for the 

Worflow, QC and H&S management.  

1. The IoT and Visual Data Pre-processing component feed the DT Platform with the as-built data 

acquired on-site. 

2. With regards to the worfklow management, the WODM tool sends notifications to workers about 

tasks that have been assigned to them through the WOEA application. This application is also used 

by the workers to report their tasks progress back to WODM. The PMS tool requests and received 

resources tracking data from the DT platform, combines it with  the reported tasks progress data, 

runs scenarios simulation and optimisation, resulting to updates of the process and workflow 

model. The updated model is received by WODM, which in turn sends that tasks progress and the 

updated work orders (workflow) to the DT Platform.  

3. Concerning the prevention of the construction on-site accidents, ProactiveSafety receives the 

resources tracking data from the DT platform and processes it in combination with the 4D BIM 

model enhanced with health and safety information, to generate alarms for H&S risks that are sent 

as notifications to WOEA. Further information is populated by ProactiveSafety to update the H&S 

ÐÁÒÁÍÅÔÅÒÓ ÁÎÄ ÒÕÌÅÓ ÏÆ ÔÈÅ 3ÁÆÅ#ÏÎ!)ȭÓ ÌÏÃÁÌ $"Ȣ  

4. For the Quality Control checking, the GeometricQC tool requests and receives the 4D BIM model 

and point cloud data from the DT platform to produce the geometric QC results that are forwarded 

to the DT Platform. In a similar manner, the VisualQC tool requests and receives the 4D BIM model 

and visual (imagery) data from the DT platform to produce the visual QC results that are forwarded 

to the DT Platform. 

5. DCC, DigiTAR and VirtualSafety are mainly used for visualisation purposes, as described in Section 

2.6. 

 

Figure 5 ɀ Revised Conceptual Architecture: Construction Phase  
























































































