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EXECUTIVE SUMMARY 

D1.4 ENCORE Architecture deliverable describes the preliminary version of the overall 

architecture of ENCORE Platform. It describes a microservices architecture based on 

virtualized and containerized infrastructure that can be handled as code.  

The deliverable shows how the team will organise the development work on Git Flow, in 

order to keep the three main releases of the project under control, i.e. Early and Full 

Prototype and Final Version. It also describes the mechanisms established to continuously 

integrate and deploy code in a virtual infrastructure, automatically executing tests and 

quality checks. The same mechanisms are used to keep infrastructure as code under 

configuration control. The containerized runtime environment, that continuously adapts 

to the changing needs of resources of the services, is also described. 

Finally, the document offers architectural details and specific needs of all ENCORE 

services. 

The architecture described in this document is just a preliminary version that may change 

over the duration of the project. The adaptive methodology allows to incrementally 

introduce changes. Since there are no future versions of the present deliverable, any 

changes affecting the architecture will be reflected in the multiple versions of the design 

deliverables.  

  



D1.4 ENCORE Architecture  

 

PU Version 1.0 Page 1-4 24.09.2019 
Confidentiality: Public Distribution 

INDEX OF CONTENTS 

1. Introduction ................................................................................................................................................................. 1 

1.1 Document purpose ................................................................................................................................................... 1 

1.2 Approach Applied .................................................................................................................................................... 1 

1.3 Document structure ................................................................................................................................................. 2 

1.4 Contributors ............................................................................................................................................................ 2 

2. Encore Platform Architecture.................................................................................................................................... 3 

2.1 Technical Architecture ............................................................................................................................................ 8 

3. ENCORE Implementation Plan ............................................................................................................................... 12 

3.1 Software Engineering Approach ........................................................................................................................... 12 
3.1.1 Adaptive Project Management with a CI/CD pipeline .................................................................................. 12 
3.1.2 Development Environment ........................................................................................................................... 14 
3.1.3 GitLab’s GitFlow .......................................................................................................................................... 15 
3.1.4 CI/CD application pipeline and the GitOps way for infrastructure ............................................................... 17 

3.2 Implementation Framework .................................................................................................................................. 19 
3.2.1 Runtime Environment ................................................................................................................................... 19 
3.2.2 Data Acquisition Service .............................................................................................................................. 20 
3.2.3 Image Processing and Reconstruction Service .............................................................................................. 21 
3.2.4 Knowledge Extraction and Object Enhancement Service ............................................................................. 24 
3.2.5 BIM Resources Repository Management Service......................................................................................... 28 
3.2.6 On-site design analysis and verification........................................................................................................ 28 
3.2.7 Automated Work Planning ............................................................................................................................ 31 
3.2.8 Construction Project Management Service ................................................................................................... 33 
3.2.9 Energy Savings Simulation Service .............................................................................................................. 36 
3.2.10 Comfort Simulation Services ........................................................................................................................ 40 
3.2.11 Building Monitoring Service ........................................................................................................................ 42 
3.2.12 BIM Visualization, Feedback and Monitoring .............................................................................................. 47 

4. Conclusions ................................................................................................................................................................ 50 

 

  



D1.4 ENCORE Architecture  

 

PU Version 1.0 Page 1-5 24.09.2019 
Confidentiality: Public Distribution 

INDEX OF FIGURES 

Figure 1: Approach applied for elaboration of ENCORE Architecture .............................................................................. 1 
Figure 2: ENCORE Layer Architecture .............................................................................................................................. 3 
Figure 3: Structure of the ENCORE Platform .................................................................................................................... 6 
Figure 4 Interfaces .............................................................................................................................................................. 7 
Figure 5 Repositories .......................................................................................................................................................... 7 
Figure 6 Apps, Engines and Repositories ........................................................................................................................... 8 
Figure 7: Encore Technical Architecture ............................................................................................................................ 8 
Figure 8: ENCORE Software Technology Architecture ..................................................................................................... 9 
Figure 9: ENCORE Early module infrastructure ................................................................................................................ 9 
Figure 10: Communication partners in a KAFKA communication infrastructure ............................................................ 10 
Figure 11: Static Partitioning of Clusters vs Elastic Sharing via an Orchestrator ............................................................ 10 
Figure 12 Git repositories ................................................................................................................................................. 15 
Figure 13 Git workflow .................................................................................................................................................... 16 
Figure 14 GIT CI/CD Workflow ...................................................................................................................................... 18 
Figure 15 ENCORE Runtime environment ...................................................................................................................... 19 
Figure 16: Architecture of DAS’ major components and corresponding software modules. ........................................... 20 
Figure 17: Image Recognition process ............................................................................................................................. 22 
Figure 18: Conceptual Knowledge Extraction Architecture ............................................................................................. 24 
Figure 19: Recurrent Monitoring Process ......................................................................................................................... 25 
Figure 20: Conceptual Object Enhancement Architecture ................................................................................................ 26 
Figure 21: Object Enhancement Process .......................................................................................................................... 27 
Figure 22: Architectural scheme of the On-site Design Analysis and Verification Service (ODAVS). ........................... 30 
Figure 23: Architectural scheme of the Automated Work Planning Service (AWOPS)................................................... 32 
Figure 24: Architectural scheme of the Construction Process Management Service (CPMS). ........................................ 33 
Figure 25: General structure of ENCORE Energy Savings Simulation Service (EESSS). ............................................... 36 
Figure 26: Overall EnergyPlus Structure. ......................................................................................................................... 37 
Figure 27: Workflow for energy performance simulation tools. ...................................................................................... 38 
Figure 28: Data flow of IFC HVAC interface and IFCtoIDF utility. ............................................................................... 39 
Figure 29: Data flow of IFC HVAC interface and IFCtoIDF utility. ............................................................................... 40 
Figure 30: High level functional architecture for the complete building monitoring service. .......................................... 42 
Figure 31: IoT communication with blockchain ............................................................................................................... 45 
Figure 32: Consensus typologies ...................................................................................................................................... 46 
Figure 33 Visualization of BIM Model ............................................................................................................................ 47 
Figure 34: BIM Viewer Cloud Architecture ..................................................................................................................... 49 

 

file://///STORAGE3/Projekte/ENCORE/Deliverables/D1.4%20-%20ENCORE%20Architecture/D1.4%20-%20ENCORE%20Architecture%20v1.0.docx%23_Toc20322298
file://///STORAGE3/Projekte/ENCORE/Deliverables/D1.4%20-%20ENCORE%20Architecture/D1.4%20-%20ENCORE%20Architecture%20v1.0.docx%23_Toc20322301


D1.4 ENCORE Architecture  

 

PU Version 1.0 Page 1 24.09.2019 
Confidentiality: Public Distribution 

1. INTRODUCTION 

1.1 DOCUMENT PURPOSE 

The current document presents the deliverable D1.4 - ENCORE Architecture, of the 

project ENCORE. The work described here is part of the Task T1.4 Definition of the 

ENCORE Architecture of the WP1 – Specification of ENCORE Concept and Pilot Case. 

The objectives of this task can be summarised in the points below: 

 Architectural design based on the elaborated requirements (D1.2), 

 High-level design of the ENCORE services. 

This document summarises the architecture of the envisaged ENCORE solution, based 

on the requirements of the pilot case, the state-of-the-art, as well as the ENCORE concept, 

including the basic approach for each of the main SW components, the secure 

infrastructure, and the basic approach for integration of ENCORE with existing systems. 

The main result of these activities is the architecture of the ENCORE solution, which will 

serve as the starting point for the detailed ICT specifications. 

 

1.2 APPROACH APPLIED 

The ENCORE architecture presented here is the result of a process already started in the 

previous deliverable D1.2 Requirements analysis and is illustrated in Figure 1 below. 

Furthermore, the architecture has a strong correlation with the deliverables D1.3 

ENCORE Concept and D1.5 Pilot Cases and Use Case Scenarios, 

 

Figure 1: Approach applied for elaboration of ENCORE Architecture 

Shortly, the steps of that process were: 
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 Detailed analyses of the pilot case and the use case scenarios. 

 Creation of the textual descriptions of the pilot case and use case scenarios and 

extraction of needs and requirements. 

 Collection of the information/insight into the market available solutions of 

corresponding application, along with exchanges with actors in the BIM domain 

outside of the consortium. 

 On top of that, the RTD performers have created an in-depth analysis of the state-

of-the-art R&D activities in the relevant areas, that was used and enriched by the 

expertise (of RTD performers. 

 All participants in the above described activities (see Figure 1) have also provided 

technical visions and innovation ideas to complete the requirements. The action was 

done to introduce the long-term visions for the future improvements of the 

solutions. 

 

1.3 DOCUMENT STRUCTURE 

The structure of the document is the following: 

 Section 1, Introduction, includes a concise overview of the overall content of the 

document, mentioning, (a) for whom this document is intended, (b) the main results 

described in it, (c) the interest and benefit the reader may expect from it, (d) its 

purpose and its position with respect to the whole project, and (e) a brief overview 

of its contents. 

 Section 2, ENCORE Platform Architecture, provides an overview about the 

architectural design of the envisaged platform. 

 Section 3, ENCORE Implementation Plan, provides an overview on the software 

engineering approach chosen for ENCORE. Furthermore, it describes briefly the 

implementation framework for each main component of the ENCORE platform. 

 Section 4, ENCORE Implementation Schedule, gives a brief overview on the 

planned implementation schedule. It will be highlighted which functionality is part 

of the Early and Full prototype. 

 Section 5, Conclusions, provides some concluding remarks. 

 

1.4 CONTRIBUTORS 

All project partners have substantially contributed to this deliverable with ATB acting as 

editor in preparing each version of the document using a collaborative and iterative 

process of increasing levels of refinement.  
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2. ENCORE PLATFORM ARCHITECTURE 

The aim of the ENCORE project is to boost renovation activities in buildings, to promote 

energy efficiency and comfort aspects for the stakeholders. The platform which will be 

created for this purpose will cover the whole lifecycle of the renovation process, from 

planning and data capture, to plan delivery and result monitoring. The proposed 

architecture can be structured in four layers and is based on micro-services, as shown in 

Figure 1. More specifically, the architecture consists of the following layers: 

 Data Sources: layer that will contain all the sources of data for building the 

necessary models. It will contain the internal repositories for the storage of the BIM 

resources, the renovation projects variations and the construction project tasks. 

 Data Capture: layer that will contain thee microservices necessary to capture and 

process the data from the data sources (and to store them back if necessary). 

 ENCORE Engine: layer that contains the services to automatically create the 

enhanced model, identify and classify their elements, and enhance them with 

knowledge (including the one related to energy efficiency and comfort) 

 Applications: layer that will be visible to the main end-users (architects, designers, 

constructors, dwellers or tenants) containing the applications for the creation of 

renovation projects (including energy efficiency simulations), the automatic 

generation of construction plans and the continuous monitoring of the property once 

the renovation works are over. 

 

Figure 2: ENCORE Layer Architecture 

Based on the aforementioned four-layer architecture, the platform which will be created 

in this project will be the medium to connect the ENCORE engine(s) and storage, with 

the user (web) applications, and external systems to exchange data and allow the 
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renovation stakeholders to perform specialised calculations to feed back to the ENCORE 

platform. 

The platform components incorporate: 

 Encore (Web) Apps  
Applications (web-based) with graphical user interface (GUI) that allow the 

ENCORE actors to interact with the platform, adding data as input to the system, 

or performing more specialised calculations or planning, to be used in a way from 

the ENCORE portal. 

 Encore Engine(s)  
As engine(s) is(are) described all the backend services of the platform (to perform 

data processing) that do not include any GUI, or in case they include, those are not 

directly visible to the ENCORE platform end-user, but their data input or results 

are being transferred to the ENCORE portal from where the platform user has 

access to. 

 Encore Repositories  
The databased or other storage structures compose the ENCORE repositories. 

Those will be accessible by the whole cloud platform (Engine(s) and (Web) Apps). 

 External Systems  
External systems include other applications (with GUI or not) that the ENCORE 

actors use in their work for renovation projects, which could provide the platform 

with additional data or calculated and visualised results. Such applications could 

include home automation systems, CAD software, ERP systems, etc. 

Figure 3 describes the structure of the platform that will be created. This description is 

more detailed than Figure 1, which contains the Encore Engines and Encore (Web-) Apps. 

Inside of the Encore Apps different components are shown, those components are: 

 On-site design analysis and verification  
Also known as On-site Design Analysis and Verification Services (ODAVS), this 

service has the objective of providing an estimation in real-time related efficiency 

gained. 

 Automated Work Planning  
As the name says, this service will convert the BIM components into a series of 

tasks to be sequenced in an optimal schedule offering a workplan. 

 Construction Project Management  
Also known as Construction Project Management Subsystem (CPMS), this service 

has the objective of following-up to the renovated facility during its lifetime. This 

service will keep a record of all the changes occurred during the project. 

 BIM Visualization, Feedback  
Also known as BIM Visualization, Feedback, and Monitoring (BVFM), this service 

has the objective of providing visual information during the life-cycle of the 

renovation process. This information will be provided during different stages, such 

as the proposal stage, execution stage and finalized stage providing the end-users 

with continuous monitoring of both energy consumption and comfort levels. 
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 Building Monitoring  
Also known as Building Monitoring Service (BMS), this service will provide data 

about consumption and comfort, in order to keep the energy efficiency and comfort 

parameters in good shape. 

In the Encore Engine, the components are: 

 IPRS  
The Image Processing and Reconstruction Service (IPRS) which has the objective 

of processing the data gathered in order to identify the different elements of the 

image and create the model. 

 BIM Resources Repository Management  
The BIM Resources Repository Management (BRMS) has the objective of 

managing the repositories of the BIM resources. 

 KEES  
The Knowledge Extraction and Object Enhancement Service (KEES) has the 

objective of identifying individual objects with additional information from 

different sources. 

 Data Acquisition  

The data acquisition reflects all the sources that will be used to acquired data about 

the renovation site, such as sensors or online data. 

 Energy Saving Simulation Service  
The Energy Saving Simulation service will allow the user to create different 

scenarios for the simulation of energy savings. 

 Comfort Simulation Service  

The Comfort Simulation service will create a simulation of the Comfort levels in 

the renovation site, based on different parameters, such as the lighting of the rooms, 

temperature, noise, etc. 
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Figure 3: Structure of the ENCORE Platform 

In Figure 4, different interfaces, which will work directly with the Engines are shown, 

being these: 

 PointCloud Interface, Photogrammetry Interface  
Both will work with the IPRS service, and their objective is to gather and process 

the data, Point Cloud will be used to create the 3D models, while the 

Photogrammetry technology will be used when there is a large/high quantity of 

images/photos. 

 Sensory Interface, Weather Interface, GIS Interface  
These will work with the KEES in order to provide additional information to the 

already identified and isolated objects. 

 BIM Interface (Via IFC)  
This interface will work with BIMs, which will be produced by the IPRS and used 

by the other Encore Engines. 

In this figure, the external systems are also represented and will work directly with the 

Interfaces. These external systems are Drone (Point-cloud), Smartgateways System 

(Sensory), ETH/Pisa System (Photogrammetry), Weather System (Weather), GIS (GIS) 

and finally the BIM (BIM – via IFC). 



D1.4 ENCORE Architecture  

 

PU Version 1.0 Page 7 24.09.2019 
Confidentiality: Public Distribution 

 

Figure 4 Interfaces 

In the figure below, the different repositories are represented with the different types of 

data and formats. These repositories will be used by the Encore Engines. 

 

Figure 5 Repositories 

Finally, in the last figure, there are the App UI, which will be in the different apps, as well 

as the App service related to the processing on the backend (Encore Services).  
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Figure 6 Apps, Engines and Repositories 

 

2.1 TECHNICAL ARCHITECTURE 

ENCORE envisions a cloud-based architecture. A high-level overview of such a 

architecture is shown in Figure 7. The main idea is that the services provided by the 

different modules will be containerised using Docker [1]. Docker is a tool designed to 

make it easier to create, deploy and run applications by using containers. 

 
Figure 7: Encore Technical Architecture 
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Containers allow a developer to package up an application with all of the parts it needs, 

such as libraries and other dependencies, and ship it all out as one package. By doing so, 

thanks to the container, the developer can be assured that the application will run on any 

other Linux machine regardless of any customised settings that machine might have 

which could differ from the machine used for writing and testing the code. A graphical 

comparison of the traditional approach of using Virtual Machines vs Docker containers 

can be seen in Figure 8. 

 
Figure 8: ENCORE Software Technology Architecture 

The use of Docker in ENCORE allows the rapid deployment of the different services 

offered by the different ENCORE modules. For the early prototypes, the proposal is to 

use Docker Compose, a tool that allows deploying, in a coordinated way, different Docker 

containers, both the common part (data ingestion and the distributed message system), as 

well as the specific services of each module. In this way, the development of each module 

could be done independently. 

 
Figure 9: ENCORE Early module infrastructure 
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For the development of the early prototypes, the different modular services will be 

deployed by each RTD partner using Docker Compose, and for communications between 

them will be based on kafka (see Figure 9). 

Distributed messaging is realised with an Apache Kafka based communication 

infrastructure (see Figure 10). Apache Kafka is a distributed streaming platform enabling 

to publish and subscribe to streams of records, similar to a message queue or enterprise 

messaging system. It stores streams of records in a fault-tolerant durable way and process 

streams of records as they occur. 

 
Figure 10: Communication partners in a KAFKA communication infrastructure 

Therefore, the components of ENCORE have to provide kafka compliant input and output 

interfaces which support the topic based kafka messaging method. A topic is a category 

or feed name to which records are published. Topics in Kafka are always multi-

subscriber; that is, a topic can have zero, one, or many consumers that subscribe to the 

data written to it. 

All these services have to run in the same environment in public or private clouds. 

Therefore, an orchestrator is needed to manage how, when, where and with what 

computing resources each service is launched. Orchestrators are very useful, as they allow 

to manage a cluster of computers in a unified view and improve the resource efficiency 

as can be seen in the next figure. 

 
Figure 11: Static Partitioning of Clusters vs Elastic Sharing via an Orchestrator 

In ENCORE, the advantages of using an orchestrator can be seen clearly in the Image 

Processing module. For example, in case an analysis that requires a large number of 

computing resources is required, the orchestrator could be used to fine-tuning the 

computing resources needed for the analysis while letting enough computing resources 
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for the other modules. In addition, since ENCORE is going to run in the cloud, we can 

use the cloud's elasticity features to be able to use more or fewer resources as needed to 

save costs or speed up certain critical reconfiguration processes. 

In the literature, there are different orchestrators such as Nomad, Yarn, Mesos, Swarm or 

Kubernetes. In order to choose the orchestrator to be used in ENCORE, several things 

were considered: 

 Preferably free and open source. 

 Docker support. 

 Good automated deployment, scaling and management. 

 Well tested. 

 Large community 

 Good support in several platforms 

After reviewing several possibilities, Kubernetes was chosen. However, changing the 

orchestrator should not imply hard work as we have previously containerised all the 

different services, and all the orchestrators support Docker containers nowadays. 

Kubernetes is a very popular and well supported container orchestration platform. It is 

very capable of managing the deployment and scaling of containerized applications of 

any size and complexity. It was originally designed by Google and is now maintained by 

the CNCF (Cloud Native Computing Foundation). 

  



D1.4 ENCORE Architecture  

 

PU Version 1.0 Page 12 24.09.2019 
Confidentiality: Public Distribution 

3. ENCORE IMPLEMENTATION PLAN  

 

3.1 SOFTWARE ENGINEERING APPROACH 

 

3.1.1 Adaptive Project Management with a CI/CD pipeline 

ENCORE encloses a high complexity (due to the combination of several types of novel 

technologies), as well as high levels of uncertainty (due to the novelty of the technologies 

and the continuous changes in market and regulatory requirements). Since the waterfall 

management methodologies were designed to deal with complexity, but not uncertainty, 

and the agile ones were designed to deal with uncertainty but not complexity, the 

ENCORE Consortium proposes to follow an Adaptive Project Management (APM) 

approach [Silver, 2017] [Wysocki, 2010], which has been designed to successfully 

manage complex projects with high levels of uncertainty. APM combines the best 

practices of waterfall and agile, managing risks and tracking the critical path while 

recognizing that our knowledge is incomplete at the beginning of the project, and it grows 

as the project advances [Silver, 2017].  

Making use of the APM methodology, the consortium organises the work plan as follows: 

 

Figure 1 - Adaptive Project Management 

1. The first stage, when the System Concept is designed, the process follows the 

waterfall approach. During this stage, the consortium has analysed the current state 

of the art of technology and the market trends and have gathered requirements from 

potential end-users related to the project partners. After analysing this information, 

the consortium has designed a general concept of the solution, describing the 
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different sub-systems and services involved, as well as the features to implement. 

This concept will be the Minimum Viable Product (MVP) for validation purposes 

with potential end-users during the final stages of the project. The consortium will 

also identify and categorise the potential risks that could have an impact on the 

successful implementation of the designed solution. The result of this stage is a 

backlog of prioritised user stories that describe the way the different type of users 

will make use of the system. 

2. The next stages will be fully iterative, following a SCRUM-like process, for the 

implementation of the technological development work packages (WP2, WP3 and 

WP4). The work to be carried out under these WPs will be organized in monthly 

sprints. The scope of each sprint will be planned before its start among all the 

participants. They will estimate the most critical user stories first (i.e. the issues that 

reduce the risks of highest impact and provide the highest value to the end-users) 

and select them for implementation considering that they should be developed 

within that sprint. The sprints can be devoted to experimentation or 

implementation/development: 

 Experimental Sprints: If the purpose of the Sprint is experimental, there can 

be several experimental/exploratory lanes running in parallel with the purpose 

of validating different hypothesis, exploring the technical capacities of a 

technology, or evaluating the viability of a specific feature. At the end of the 

sprint, the outcome will be an accepted or rejected hypothesis. If accepted, it 

could result in further development of a feature in next sprints, or in the 

adoption of a new technology. 

 Development Sprints: If the purpose of the Sprint is non-experimental, the 

team will only schedule the implementation of features at the planning 

session. The result of these Sprints will be functional prototypes of the sub-

systems, services or features that will incrementally grow iteration after 

iteration. The partners acting as end-users of the solution will validate/accept 

the outcomes of each Sprint. The anatomy of a development sprint is 

described in the subsection below (section 3.1.1.1.). 

Through these iterations we will incrementally gain knowledge about the final solution, 

and the process itself, providing lessons learned at the beginning of each sprint, and 

leaving room to schedule the implementation of new requirements/user stories 

(introduced by end-users, the market trends or new regulations). 

While the project approaches its end, the work plan once again follows the waterfall 

paradigm. The prototypes resulting from the technological development WPs (WP2, WP3 

and WP4) are integrated into a Full Prototype (WP5) that will be validated in real business 

conditions (WP6), providing feedback to WP2, WP3, WP4, and WP5 to fix bugs (if 

necessary).  
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3.1.1.1 Anatomy of a Development Sprint 

The scope of the sprint is planned taking into consideration some conditions that the 

development activity should observe: 

1. API first: All the services developed within ENCORE will have their API to ensure 

interoperability with external systems. Development will be planned considering 

the API-first approach, i.e. API contract will be specified in a first instance and 

implemented later. 

2. Behaviour Driven Development (BDD): After the specification of the API, the 

behaviour of the system is formally specified in Gherkin language together with 

their acceptance tests in the format “Given…When…Then…”, which can be 

automated with frameworks like Cucumber or Spock. 

3. Test Driven Development (TDD): After the behaviour is described and acceptance 

tests implemented, developers develop unit tests before coding.  

4. Coding starts and continues until unit and acceptances tests pass. 

Team members have all these issues in consideration when estimating the user stories in 

the sprint planning session. Work is self-organised by each team to reach the goal 

committed at the sprint planning session.  

The code that is developed will follow the Git flow (described in 3.1.2 section below) to 

ensure consistency of software versions and releases. All the code produced within the 

sprint will be properly deployed in a separate test environment so end-users can properly 

validate the results during a sprint review.  

After the review, the team carries out a retrospective where they analyse the effectiveness 

of the procedures followed during the previous sprint and propose improvements that will 

be implemented during the next sprint.  

 

3.1.2 Development Environment 

ENCORE’s renovation pipeline and most of the services will be implemented with 

modern software languages like Java 8 or Java 11 and Node.js, enabling the use of lambda 

expressions and streams or the implementation of hexagonal architectures and use of data 

streams ingestion and processing technologies like Apache NiFi or Kafka. In this way, 

the prototypes of the platform will be prepared to be easily deployable in scalable 

microservices’ infrastructures.  

Added to these languages, some of ENCORE’s services will have their own specific 

requirements due to the nature of the technologies developed: 

 Data Acquisition and Image Processing/Reconstruction have some special needs. 

The first one deals with the gathering of data streams and the implementation of 

algorithms for the sampling of data and coordination and optimisations of the 

autonomous vehicles performing the sampling. The second one with the processing 
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of the images obtained by the data acquisition services. In both cases, most 

extended software languages are python, C++ or C#. 

 Energy Savings and Comfort simulation services will be mostly based on e+ 

(energyplus - https://energyplus.net/) and OpenStudio 

(https://www.openstudio.net/) The latter facilitates the access to energyplus 

functions from a http server and it can be extended by C++, C# or Ruby 

development. 

 Encore Webapp, will be implemented using Springboot 

(https://spring.io/projects/spring-boot ) and Thymeleaf 

(https://www.thymeleaf.org), which is a server-side Java template engine for both 

web and standalone environments. 

Each team will freely choose their IDE of preference for development (e.g. Eclipse, 

IntelliJ, etc.) but it will be of paramount importance that all of them follow the GitFlow 

approach to manage software production. In the next subsection, the GitFlow approach is 

shortly described together with the main agreements achieved in terms of versioning, 

branching and software releasing. 

 

3.1.3 GitLab’s GitFlow  

Source code control will be in the core of the development sprints. It will enable to keep 

and deploy not only ENCORE’s source code but also ENCORE’s infrastructure 

(following the Infrastructure as Code – IAC - paradigm). The tool used for version 

control, continuous integration and continuous deployment (CI/CD) will be GitLab, 

which follows GitFlow for source code control. 

In Git it is necessary to understand the workflow of operations and the branchjng model: 

 The workflow: 

Git handles a LOCAL Working 

Copy of a REMOTE Repository. 

The Working Copy has an 

associated INDEX that keeps 

under control the changes made by 

the developer in her local 

environment. In order to promote 

changes to the remote repository it 

is necessary to first “add” the 

elements handled locally, 

“commit” them in the local 

working copy and “push”them to 

the remote repository.  

 The branching model: Traditional git flow suggests a master branch and a separate 

develop branch, as well as supporting branches for features, releases, and hotfixes. 

Figure 12 Git repositories 

https://energyplus.net/
https://www.openstudio.net/
https://www.thymeleaf.org/
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The development happens on the develop branch, moves to a release branch, and is 

finally merged into the master branch. 

 

Figure 13 Git workflow 

Despite GitLab implements a simpler flow of Git, ENCORE will follow the traditional 

approach due to the complexity of the software. Main agreements are: 

 A master project will be created containing all the services. 

 Each service will have its own sub-project with development, master, features and 

release branches. Services’ branches will be merged into Master project’s branches 

in each sprint. 

 Developers will work at service project level. They will create feature branches that 

will be linked to the user stories or tasks to be developed (which are documented in 

the projects Jira instance). Source control and continuous integration will be 

managed with GitLab, which provides integrations with JIRA, enabling to associate 

JIRA user stories with branches or developer’s commits. Once finished (i.e. 

developed and properly tested) they will be merged in the development branch of 

the service first, and secondly in the master project’s development branch. 
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 Developers will create “Merge Requests” so the team members responsible to 

merge the code into the development branch of the service will verify the changes 

before merging. 

Only three releases will be planned: Early Prototype, Full Prototype and Final Version. 

Release branches will be created at the master project level and service project level. 

 

3.1.4 CI/CD application pipeline and the GitOps way for infrastructure 

ENCORE team will set up a Continuous Integration (CI)/Continuous Deployment (CD) 

environment based on Git Lab.  

Continuous Integration consists on pushing changes in the repository at a continuous pace 

supported by automated quality checks. These automatic quality checks can be source 

code standards compliance or automated unit and integration tests that are run every time 

code is committed, reducing the risk of introducing errors. Additionally, Continuous 

Deployment implies the automation of the software delivery, from the execution of e2eor 

performance tests to the deployment of the application in the corresponding environment.  

 CI/CD in GitLab allows to apply CI/CD with no third-party application or 

integration. It requires source code to be hosted in a Git repository, and builds, tests, 

and deployment scripts to be specified a configuration file (gitlab-ci.yml). In this 

file, it is possible to define the scripts, define include and cache dependencies, 

choose commands to run in sequence and those to run in parallel, define where to 

deploy the application, and specify whether scripts will be executed automatically 

or triggered manually. The scripts are grouped into jobs, composing a pipeline. 

Continuous Integration pipeline at ENCORE will contain:Source code quality 

checks (e.g. SonarQube). 

 Unit Tests (with Junit or adhoc unit testing frameworks for other software 

languages used in ENCORE). 

 Performance tests with JMeter 

 Integration and Acceptance Tests (with feature based frameworks like Cucumber 

or Spock). 

CI/CD workflow observes deployment of services in containers following a continuous 

operations model. As observed in the following illustration, dependency among 

containers, scanning registry and deployment are included in the whole pipeline. 
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Figure 14 GIT CI/CD Workflow 

In the next subsection it is shown how the infrastructure is also handled within Git with 

Kubernetes at the core. 

3.1.4.1 The GitOps way for infrastructure 

ENCORE’s build system will facilitate the deployment of its services in containers that 

will be orchestrated by Kubernetes (k8s) within virtualized environments. This code-base 

infrastructure will also be handled within the CI/CD pipeline, using Git as single source 

of truth for infrastructure as well. The build system generates container images with the 

services that are deployed to k8s from a container image repository. In this way, 

developers can make pull requests to accelerate and simplify application deployments and 

operations tasks to k8s.GitLab offer several possibilities for automatic deployment on k8s 

clusters: 

 Creating a new cluster  

 Adding existing clusters  

 Deploying directly to a cluster within a job 

 Associating several clusters to the pipeline for staging purposes 
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3.2 IMPLEMENTATION FRAMEWORK 

 

3.2.1 Runtime Environment 

ENCORE is a complex solution that will implement multiple highly demanding services. 

It proposes a virtualized clustered run-time environment where the multiple services will 

be implemented in containers and handled by an orchestrator like Kubernetes.  

Runtime environment is described in the following illustration: 

Virtualization of the environment is handled with Terraform, which allows to span the 

multiple distributed clusters over several cloud providers in a declarative way. Each 

single ENCORE service (and other necessary services like API Gateway, Apache Nifi or 

Apache Kafka) will be deployed as Docker containers (Pod), that will be orchestrated by 

a k8s Master. This master ensures the adequate resources for the services to be executed 

in the clusters. K8s services are abstractions that define a logical set of Pods and a policy 

by which to access them. Since Pods are ephemeral, the k8s also orchestrates the 

management of volumes to persist data needed for the service. 

 

  

Figure 15 ENCORE Runtime environment 
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3.2.2 Data Acquisition Service 

As already described in Deliverable 1.3., DAS is a part of BIM based Support Tools and 

is considered as External Service that belongs to Data Capture layer within ENCORE 

architecture. Fig. 1 shows architecture of DAS’ major components and corresponding 

software modules. 

 

Figure 16: Architecture of DAS’ major components and corresponding software modules. 

 

Ground station - personal computer that runs Human-Machine-Interface and 

Communication services. 

 Waypoints setup – software module that allows an operator to define waypoints 

that should be visited by one of UAVs during data acquisition process. Waypoints 

can be defined through numerical values or by simple point-and-click on the map. 

 Contact inspection setup – software module that allows an operator to define an 

area of the wall to be inspected by one of UAVs that autonomously gets close to 

the wall and executes contact inspection of predefined area. Based on image 

acquired from UAV on-board camera, operator, by point-and-click, defines a 

rectangle to be inspected. 
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 Mission & Trajectory planner – software module that schedules missions and plans 

trajectories for UAVs, based on predefined waypoints and contact inspection 

area(s). Missions are optimized with respect to energy consumption or time 

required for data acquisition. 

 Telemetry representation – a part of HMI used for representation of flight status 

(position, velocity, orientation, altitude, battery consumption, etc.). Data is 

represented for each vehicle in a form of number fields and trends. Log of each 

flight is saved for archive and later processing (if needed). Furthermore, this part 

of HMI presents video stream from UAV on-board camera. 

 GMaps representation – a part of HMI dedicated to representation of a map of an 

area where the data acquisition takes place. 

 GIS data representation – a layer represented together with GMaps that gives 

insight in available GIS data (e.g. cadastre). 

 WiFi – a module that serves as the main communication bridge between the ground 

station and UAVs. 

 4G – a module that is used for upload of acquired data to ENCORE cloud by using 

4G 

RC contol station – a device used for manual control of UAVs in case of an emergency 

situation or in case of data acquisition in highly complex environment (close proximity 

of power lines, trees, etc.) 

UAVx – an UAV used for data acquisition, comprising mini computer and autopilot that 

run software modules described in the text that follows 

 Trajectory tracking controller – this module executes a control algorithm based on 

model predictive control theory, that minimizes deviation from predefined 

trajectories provided by Trajectory planner 

 Wall following controller – control module that executes an algorithm for lawn-

mover path on an area of the wall predefined by operator in order to acquire wall 

properties of the building 

 Impedance controller – control module, that together with Wall following 

controller, achieves constant force on the wall thus providing stable contact 

between a tool carried by an UAV and the wall 

 Attitude controller – a low level control module that runs on autopilot and controls 

roll, pitch and yaw angles of an UAV. 

Detailed description of all mentioned components, together with mathematical formalism 

of used control algorithms, will be described in Deliverables D2.1.1-3. 

 

3.2.3 Image Processing and Reconstruction Service 

The Image Processing and Reconstruction Service (IPRS) is responsible for acquisition 

of 3D models from one of three different types of inputs: a) Point cloud registered to a 
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sequence of camera images, such as those obtained from autonomous drones b) Images 

acquired by a mobile phone for outdoor/indoor and c) panoramic images for indoor. Each 

different type of input requires a specific method to obtain the final 3D output. Similarly, 

the outdoor and indoor environment require different methods to run in order to obtain 

the 3D. However, the IPRS will be able to automatically select the right service based on 

the input type. On the other hand, the selection of service for outdoor/indoor environment 

may be left to the user. A simple flow diagram of the process is shown in Figure 17. 

 
Figure 17: Image Recognition process 

The data acquisition module will run one of the three acquisition processes. This will be 

automatically detected by the IPRS module. However, a user input may be used to select 

one of the outdoor or indoor IPRS modules. 

A number of steps are required in order to process the acquired data in the IPRS modules. 

Naturally the two different IPRS modules: Outdoor IPRS and Indoor IPRS use different 

steps/methods due to the particularity of the environments. For example, while 

photogrammetry or photogrammetry-like methods can provide a decent point cloud from 

images in outdoor environment, they do not perform well without adding additional 

knowledge in the indoor environment. 

Outdoor IPRS. The Outdoor IPRS module takes the point cloud and the images or only 

the images as input. When the range scanner is not used, e.g., from mobile phones, several 

parts of the building such as the roof, upper floors do not get covered well. To mitigate 

the low-quality point cloud obtained on those parts, we will combine a deep-learning 

based approach to directly obtain a simplified geometry. When the point cloud is available 

from the range scanner, the problem becomes that of noise removal and surface 

reconstruction where the images will again be used to assist in the task. During the 

simplification of geometry, we will also estimate the semantic segmentation of important 

building elements such as doors, windows, balconies, etc., from images. 

Indoor IPRS. The Indoor IPRS module takes the mobile phone images or the panoramic 

camera images as input. The indoor scene reconstruction is particularly challenging due 

to two important factors. First the parts that are to be reconstructed such as walls, 

windows, ceilings, etc., often have plain 2D texture. In such conditions, methods such as 
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Structure-from-Motion (SfM) or Multiview Stereo (MVS) fail. Second, any successful 

method needs to reject scene clutter such as furniture, while accurately recovering the 

architectural aspects in the geometry. Deep neural networks may become essential in 

some of these tasks. Furthermore, when panoramic camera images are not available, not 

all images will contain the wall boundaries or corner points necessary for understanding 

of the geometry. Methods like Simultaneous Localization and Mapping (SLAM) will be 

developed and adapted to the indoor environment in order to successfully fuse 

information from the mobile image sequence. In order to be efficient and maximize the 

accuracy, some aspects of computation will be handled by the phone while the others will 

be run on the cloud. In contrast, panoramic images can provide a full view from a single 

image and can be easier to handle. In both cases, the scene semantics such as windows, 

beams, doors, etc., will be identified and used to complete the scene geometry. 
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3.2.4 Knowledge Extraction and Object Enhancement Service 

 

3.2.4.1 Knowledge Extraction Specification  

The objective of the knowledge extraction component is to receive raw data and provide 

aggregated context data. It is a generic solution for extracting knowledge from data 

sources and customisable for different communication protocols and data structures. It 

enables also data pre-processing or data aggregation. Figure 18 shows the conceptual 

architecture of the Knowledge Extraction module. 

 

Figure 18: Conceptual Knowledge Extraction Architecture 

Functional Specification 

The objective of this component is to receive raw sensor data and provide aggregated 

context data. To achieve this, the knowledge extraction component allows monitoring of 

legacy systems in enterprises and products via different interfaces from the Data Access 

Layer. It is therefore able to standardise and correlate the data from distinct systems (e.g. 

map actions from file systems and Web-Services) which later serves as a basis for 

identification and extraction of context.  

The main component of the knowledge extraction is the modular monitoring process, 

used for all monitoring features with an extendable and configurable standardized process 
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(see Figure 19). It is the process description for all features how to attach and monitor 

external legacy systems in an enterprise environment, as well as how to process the 

captured information. The process is three-parted and contains the:  

  
Figure 19: Recurrent Monitoring Process 

  Monitoring module, which contains all features to monitor legacy systems and 

devices in enterprises via the Data Access Layer. The distributed monitoring 

services also call back to this module with their gathered information. The 

monitoring features can be extended and configured for different systems and do 

not need to comply with other modules.  

  Parser module, which contains content parser for the different possible data 

captured by the monitoring module. The parser offers access to the diverse data 

possible interacted and therefore monitored with. It provides the access for the 

analyser and may parse available environmental properties. 

  Analyser module, which correlates the monitored content (and maybe 

environmental properties) and constructs the standardized Monitoring Data to be 

stored and handed over to the Knowledge Extraction / Object Enhancement service 

or any other service that needs this information. 

For each data-source (that is about to be monitored) an index can be specified, that will 

hold the environmental properties of the resources monitored. Depending on the actual 

resources to be parsed and analysed (like files or XML data from Web-Services etc.) 

several resource specific plugins can used in for the generic Knowledge Extraction 

framework. Each of these allows inclusion of parsers and analysers which are specified 

for additional external and legacy systems.  

The objective of the Knowledge Extraction component is to receive raw data and provide 

aggregated context data. To achieve this, the component allows monitoring of different 

kinds of data sources (e.g. legacy systems in enterprises via different interfaces from the 

Data Access Layer). It is therefore able to standardize and correlate the data from distinct 

systems (e.g. map actions from file systems and Web-Services) which later serves as a 

basis for identification and extraction of context. 
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The main feature of the knowledge extraction component is the modular monitoring 

process, used for all monitoring modules with an extendable and configurable 

standardized process (see Figure 19). It is the process description for all services how to 

attach and monitor external legacy systems in an enterprise environment, as well as how 

to process the captured information. The process is three-parted and is supported by 

external interfaces as described in the following sections. 

 

3.2.4.2 Object Enhancement Specification 

The objective of the object enhancement component is to identify the context and to 

provide it for further use within the ENCORE solution to other modules or external 

systems. Figure 13 show the conceptual architecture for the Object enhancement module. 

  

 
Figure 20: Conceptual Object Enhancement Architecture 

Functional Specification 

This section provides the specification of the parts composed within the object 

enhancement component. The service uses a context model for an integrated 

representation of the observed environment (e.g. products, systems, machines, processes 

or users). 
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Figure 21: Object Enhancement Process 

The object enhancement component consists of the following services: 

  Context identification: determine the current context using monitored raw data 

from the Knowledge Extraction component and historic context information stored 

in a context repository, based on the ENCORE context model (ontology).  

  Context reasoning: uses reasoning rules on the context provided by the context 

identification part, and determines more accurate context, which cannot be directly 

identified during the process in the context identification part 

  Context provision: provides detected situations to other ENCORE modules.  

As shown in the figure above, the object enhancement component identifies context based 

on monitoring data, provided by the knowledge extraction (see section 3.2.4.1), enhances 

it through different types of reasoning techniques (context reasoning), and provides the 

refined context for further exploitation to ENCORE modules (or external systems).  

The object enhancement module is based on the services developed within the projects 

Self-Learning and SAFIRE. The module will be extended to address the specific needs 

of the generic ENCORE solution, as well as the particularities of the building renovation 

domain. The collection of input data will be done by the knowledge extraction (see 

Section 3.2.4.1), and the object enhancement part will analyse structured and unstructured 

data in order to specify the current context and identify the parameters of the 

product/machine or process environment could affect its performance. The identification 

of the respective context is being done based on the context model which defines each 

time what information is relevant to the observed context. The identified context 

information is being stored in the context repository as annotation to the content that is 

used in the observed context. 
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3.2.5 BIM Resources Repository Management Service 

The BIM Resources Repository Management Service will contain several resources to be 

used for architects and technicians to produce the building information model of the 

building which aims to be analysed about energy savings and thermal comfort. 

These resources can be classified as: 

 Database with geometric building information. This database will contain 

information about the current geometry from existing buildings in order to facilitate 

the creation of the geometric information model once the architect or the technician 

have indicated the address of the building. 

 BIM objects for constructive solutions (façades, walls, windows, roofs, floors, 

slabs) and for technical facilities (heating, cooling, lighting, ventilation systems). 

The information included in these BIM Objects must be focused on those 

parameters which are needed for thermal and energy assessment. The format for 

these BIM objects will be .IFC, to facilitate the re-use in commercial modelling 

BIM softwares. 

 A weather files database with information from several cities and regions will be 

developed to be used for energy assessment. Parameters included in these files 

should be, at least, the following: temperature, humidity, insolation, solar radiation. 

The information for these parameters should be hourly during a whole year. The 

format for these files will be. EPW, which is a text file that can be introduced into 

Energy+ engine. The correct file will be selected taking account the city or region 

of the building which aims to be assessed. 

 

3.2.6 On-site design analysis and verification 

The aim of the ODAVS is to allow people involved in the design process to cooperate, in 

those cases when decisions must be supported by on-site surveys. By exploiting AR/MR 

technologies and for the sake of efficiency, a remotely located person can cooperate with 

any on-site person in order to advise her/him about the best option to be picked out. 

The architecture of the ODAVS is shown in Figure 22. The leftmost part is pertaining to 

the ecosystem of the ENCORE Engines. The rightmost area contains the architectural 

units properly belonging to the ODAVS, that can be depicted as the following four main 

blocks: 

 Scene creation. This block is based on a serious gaming platform (e.g. Unity 3D) 

that gets the location of the on-site person from the AR/MR headset and loads 

relevant project information from Encore engines in order to create the scene and 

display it through the AR/MR headset directly on-site. When needed, a virtual 

menu is added to the scene based on the alternative designing options to be 

assessed. Typically, a library of building components and energy/cost estimations 

of the corresponding design scenarios are passed to the site experience unit to 

support the assessment. 
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 Site experience. The AR/MR headset (e.g. Microsoft Hololens) localizes itself 

inside the building by exploiting any types of zone information that can be captured 

around (e.g. tags, QR codes, landmarks, WiFi, etc.). Even more accurate 

information about position and heading can be generated by means of its 

proprioceptive and exteroceptive sensors. As a result, it displays the 3D scene with 

relevant details of the renovation project and continuously updates it while the 

person is moving inside the building. MR capabilities make it possible to display 

future scenarios as related to actual space characteristics and volumes. First person 

view gathered by the AR/MR headset is also streamed to the remote person for 

audio/video interaction. 

 Local processing. All the processing tasks that cannot be performed on board of 

the AR/MR headset (e.g. because hardly constrained by the real-time requirement) 

are implemented on a wearable PC that enhances its computational capabilities. 

Their connection can be made of a socket (e.g. custom protocol over TCP/UDP). 

Some features that may be implemented are hologram generation for on-site display 

of design scenarios within a 3D scene, during the survey of the on-site person. Also, 

semantic enrichment of the project information model can be managed at this level. 

 Remote support. The assessment environment provided by ADOVS allows the 

remote person and the on-site person to compare and jointly assess candidate 

renovation options. To this purpose, they are allowed to see the mixed real/virtual 

scene for assessing the different project options from the energy perspective (by 

means of the Energy Saving Simulation Service) and from the economic 

perspective (by means of the cost analysis tool). 

The interface between the ODAVS and the ENCORE system (on the leftmost area of 

Figure 22), requires that the information management framework of ISO 19560 is applied. 

In this unit, information is available as an integration among digital models, ontologies 

and IFC models, along with possible non structured or semi-structured information. In 

order to achieve these characteristics, the ODAVS shall be able to exchange bidirectional 

information by means of the CRUD (Create Read Update Delete) interface realized 

through a query language technology. 
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Figure 22: Architectural scheme of the On-site Design Analysis and Verification Service (ODAVS). 
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3.2.7 Automated Work Planning 

AWOPS will support those ones involved in the execution phase of renovation works 

while facing challenges typically raised by the dynamicity and complexity of construction 

processes. 

The architecture of AWOPS is shown in Figure 23. The leftmost part is pertaining to the 

ecosystem of the ENCORE Engines. The rightmost area contains the architectural units 

properly belonging to AWOPS, which repeatedly queries the masterplan to gather 

information on the products and the milestones relevant for the management of the next 

phase, until the completion of the whole project. The monitoring system of Encore will 

be in charge of assessing work progress and of estimating the actual status of the involved 

crew and resources. This information is queried by AWOPS and used as inputs to update 

the schedules and to feed the co-simulators for performing projections about the expected 

advancement of the work and the status of resources. The final decision about which work 

plan must be applied is made by the project manager, possibly supported by artificial 

intelligent tools. 

AWOPS can be depicted as the following four main blocks: 

 Task generation. By means of a responsive web interface (e.g. based on JavaScript 

technology), an expert (e.g. the project engineer) focuses on the next building phase 

as defined by the masterplan, and is made aware of the related products to be built. 

Then, the expert is required to work out the micro-Gantts for accomplishing the 

single tasks. Any micro-Gantt is defined as a cluster of tasks that cannot be split in 

smaller tasks, in reference to the characteristics of the project being managed.  

 Scheduling. Tasks generated by experts within the aforementioned unit, together 

with project information, work progress, resource status, crew productivity and 

price lists are fed into the scheduling unit for automated generation of schedules. A 

planning/reasoning computational platform (e.g. Matlab) is used for being ready to 

continuously plan a new possible schedule that faces any unexpected events that 

may have occurred. A multi-objective and efficient (i.e. non exhaustive) search 

approach is necessary for taking into account the different management needs and 

the high number of possible solutions that corresponds to real complex situations 

(e.g. stigmergy). This unit can also trigger forward simulations for proactive 

management of critical situations that must be observed in advance, in order to be 

able to re-plan in time, when needed. Also, these simulations can find out some 

combinations of (resource-) and (work-) flows which must meet the requirements 

and objective posed by the masterplan for the current phase. 

 Simulations. Some co-simulators are used for evaluating possible future scenarios 

and to prevent future resource lacks. The outcomes of these simulations will 

contribute to the assessment of possible deviations being experienced with respect 

to the baseline and, in case this happens, to trigger an alarm. The main role of co-

simulators is generating data needed by the planner and reasoner to work out 

schedules (e.g. what is the path followed by a resource moving between two points 

according to the current site layout? Again, how do resources interact on-site?). 
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Such an alarm would restart a new iteration of the simulation engine to work out 

several possible work plans. 

 High-level decisions. Once several possible schedules are generated based on the 

updated information, a web interface shows the result to the project manager that is 

in charge of making the final decision, possibly supported by artificial intelligence 

tools. 

The loop including monitoring, simulation of expected work projections, deviation 

assessment and alarm triggering, simulation of updated work plans, work re-planning and 

selection of the updated work plan, is iterated by AWOPS until the current phase is 

accomplished. 

The interface between AWOPS and the ENCORE engines belongs to the leftmost area of 

Figure 23. In this unit, information is available as an integration among digital models, 

ontologies and IFC models, along with possible non structured or semi-structured 

information. In order to achieve these characteristics, AWOPS shall be able to exchange 

bidirectional information by means of the CRUD (Create Read Update Delete) interface 

realized through a query language technology. 

 
Figure 23: Architectural scheme of the Automated Work Planning Service (AWOPS). 
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3.2.8 Construction Project Management Service 

The Construction Project Management Service (CPMS) is devoted to the control of the 

evolutions that come after renovation works of a building. Once renovation works are 

completed and the customer starts with the operational phase, the building is subject to 

continuous monitoring and control of the performances of the renovated unit. This control 

is also an integration test as the outcome of the renovation is checked against the whole 

building performance and continuously improved for the whole duration of the life cycle, 

because the CPMS is designed for enduring the whole life cycle of the renovated building. 

Deviations from expected behaviours, performance or parameters are measured, 

observed, recorded and possibly corrected. The recording of the activities and the 

observations gained during all the life cycle can be used to create knowledge and 

experience for similar or affine works, and possibly populate a case base. The architecture 

of the CPMS is shown in Figure 24. 

 
Figure 24: Architectural scheme of the Construction Process Management Service (CPMS). 

The first important feature in the figure are the two main areas enclosed in the dotted line 

rectangles. The leftmost part is pertaining to the ecosystem of the ENCORE Engines. The 

rightmost area contains the architectural belonging to CPMS. CPMS contains the 

following four major blocks and a data flow among them: 

 Synthesis of HMT. In this block, a Holonic Management Tree (HMT) is 

constructed. The HMT is a computing structure that is used to decompose a multi-

objective goal of performance of the system under control into a tree that detects 

opportunities for continuous improvement of the facility. The goals are established 

through the definition of meaningful KPIs (key performance indicators), usually 

coming from the context of technical standards such as EN 15232. The HMT can 

be thought of as an improved version of the deductive mechanism in fault trees as 

in the well-known Fault tree analysis (FTA). The differences between FTA and 

HMT are threefold: in the semantics of the node that, in HMT, is a holon belonging 
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to a holarchy; in the structure of computing of the bottlenecks for HMT rather than 

faults as in FTA; in considering bottlenecks as continuous performance 

improvement opportunities and not mere faults with related static alarm procedures. 

The synthesis of HMT constitutes the hardest challenge in the architecture. This 

process should follow abductive and inductive processes and can be partially 

automated through artificial intelligence. 

 The HMT ENGINE. In this block (yellow coloured in the figure) there is a 

temporary computing structure that is the product of the inference from the previous 

block. It receives inputs that provide the current status of the modelled system, and 

as an output it suggests a set of opportunities for improvements. It is expected as a 

program written in declarative form. In particular, due to the technological 

background on the theme, the HMT is preferentially realized through a database 

manipulation language coupled with a host language for extensions. 

 The Policy and Decision enforcement. This block (green coloured in the figure) 

receives a set of possible improvement actions in declarative form. Declarative 

form is then suitable both for human and automated decision processes. Decisions 

can be the result of a hybrid reasoning where intelligent reasoning provisions are 

used as aid for humans. The architecture remains agnostic in the specific 

implementation of this part. In this block only one of the suggested set of actions, 

after the decision and reasoning process has an outcome that takes into account 

policy rules and strategies. As soon as the next action is selected, it is applied to 

cause improvements to the state of affair (by means of the provisions of the 

ENCORE Engine). At the same time, the expected effect on the state of affairs is 

computed (through a second instance of the HMT itself). 

 HMT model efficacy detection. This (red coloured in the figure) block receives 

current status from the HMT ENGINE and the expected status from the Policy and 

Decision block. The current status depends on the monitoring and sensing provided 

timely by the ENCORE Engine. If there is a relevant (with respect to meaningful 

and suitable metrics) deviation between the two statuses, then the HMT should 

undergo a refinement process, and the synthesis process is restarted. 

CPMS needs an interface with the rest of the system (the state of affairs). It needs to gain 

information and knowledge to reason about the problems and the goals depending on the 

context and the history. This information circulates in the medium-long term. In addition, 

the HMT ENGINE needs short-term information about the status of the world (sensing 

and monitoring) as a continuous (or timely) input. In turn, the Policy and Decision block 

outputs (in human readable or declarative form) an action that should be applied to the 

system as a feedback (as an automation if possible and desirable, or through mediation of 

human agents). 

A remark has to be made about the interpretation of the short-term- and long-term loops 

in the scheme. In any interpretation, a primary level and a meta level of control are taken 

into consideration. Usually the meta level acts at a frequency lower than the primary 

level.at any two levels of an unbounded hierarchy of realities. Any two adjacent levels 

generated by the interpretation are associated respectively to a meta level (the long-term) 

and the primary control level (the short-term). The latter is associated to a first order 

cybernetic loop that typically is the primary (mostly automatic) control of the system. The 
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former is associated to a second order cybernetic loop where an observer influences and 

controls the first order one. For example, at the first order level, the BMS provides 

monitoring and sensing information to the HMT, and the selected actions are input back 

as directives for the BMS. As the directives begin to loose their effectiveness, the second 

order loop will likely suggest to change or reprogram the behaviour of the BMS and the 

associated HMT. In any interpretation and instance of the HMT, the second order loop 

acts to refine the HMT in order to adhere to the actual situation of the state of affairs. 

The interface between the CPMS and the ENCORE system belongs to the leftmost area 

of Figure 24. In this area the information management framework of the ISO 19560 is 

considered as the most exhaustive (at the current state of the art of this writing) for the 

description of the world relevant to the ENCORE actions. In this area, the foremost 

information is coming from an integration of digital models, ontologies and IFC models, 

along with possible non structured or semi-structured information. Moreover, the actions 

and the controls on the physical world should performed through a preliminary suitable 

traceability process and a recording of them in digital format. In order to achieve these 

characteristics, the CPMS should be able to exchange bidirectional information by means 

of the CRUD (Create Read Update Delete) interface realized through a query language 

technology. By means of this interface and abstraction, CPMS becomes an intelligence 

component in a cyber-physical system architecture. 
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3.2.9 Energy Savings Simulation Service 

Figure 25 shows the general structure of ENCORE Energy Savings Simulation Service 

(EESSS). The simulation engine (e.g. EnergyPlus and DOE-2) uses input files of a 

defined format to perform a simulation and writes its output into one or more output files. 

 

Figure 25: General structure of ENCORE Energy Savings Simulation Service (EESSS). 

The input files mainly include building geometry, thermal zones, internal loads, HVAC 

systems and components, weather data, operating strategies and schedules, and 

simulation specific parameters, as already described in Deliverable 1.3. A BIM model has 

the ability to provide some of the input data for energy simulation, which means the users 

usually do not need to recreate this information for the energy model. The outputs of 

EESSS mainly include an assessment of the space and building thermal performance for 

compliance with regulations and targets; an overall estimate of the energy used by the 

space and for the building and an overall estimate of the energy cost; a time-based 

simulation of the energy use of the building and a time-based estimate of utility costs; and 

a lifecycle estimate of the energy use and cost for the building. 

Figure 26 shows a detailed structure of EnergyPlus. Besides the third-party user interface, 

building description (input files) and calculation results (output files), the EnergyPlus 

simulation engine has three basic components, including a simulation manager, a heat 

and mass balance simulation module, and a building systems simulation module. The 

simulation manager controls the entire simulation process. The heat and mass balance 

simulation module conducts the heat balance calculation based on IBLAST. The building 

systems simulation module handles communication between the heat balance engine and 

various HVAC modules and loops; controls interaction and data exchange between 

EnergyPlus and SPARK and TRNSYS; and manages data communication between the 

HVAC modules, input data, and output data structure. 
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Figure 26: Overall EnergyPlus Structure. 

The workflow chart of BIM-based Building Energy Modelling is illustrated in Figure 27. 

The location of the building should be defined at the first step, which is used to provide a 

link to a weather file. After that, the geometry, construction and thermal properties of 

materials, and space types should be imported from the BIM model. A simplification of 

geometry might need to be translated into a thermal view and comply with the geometry 

definition of the relevant thermal performance simulation tool. In addition, the user 

interface should be able to aggregate spaces into thermal zones as well as subdivide a 

space into thermal zones based on geometry definition. At the next step, the space loads 

assigned to the specific appropriate space types are also be provided by BIM. At the final 

stage, the information of the HVAC system and components should be provided by BIM 

as well. 

According to the proposed workflow, the BIM-based Building Energy Modelling 

methods can be classified into 6 steps in terms of building information, including 

geometry (Step 1); constructions and materials (Step 2); building or spaces type (Step 3); 

thermal zones (Step 4); space load (Step 5); and HVAC system and its components (Step 

6). 
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Figure 27: Workflow for energy performance simulation tools. 

IFC is the only open and standard 3D objected-oriented exchange mode used by BIM. It 

aims to provide a universal basis for process improvement and information sharing in the 

construction and facilities management industries. IFC provides an opportunity to achieve 

the data transfer among multi-disciplinary teams. In terms of building geometry, the 

generic approach of IFC can represent any shape of building geometry. BIM-based EESS 

related to space loads, most of the IFCbased methods allow the user to select the default 

value or input manually in the GUI. It mainly considers transferring the information of. 

HVAC from BIM to Building Energy Modelling. It considers transferring the information 

of HVAC from BIM to Building Energy Modelling (Figure 28). 
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Figure 28: Data flow of IFC HVAC interface and IFCtoIDF utility. 
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3.2.10 Comfort Simulation Services 

The Comfort Simulation service will make use of an internal CSS Engine that will 

calculate the effect of different combinations of resources on different comfort 

parameters. The ENCORE Ontology and the CSS Engine will implement the principles 

of [ISO 16813:2006] for environment design to manage so. 

 

Figure 29: Data flow of IFC HVAC interface and IFCtoIDF utility. 

However, EnergyPlus simulations can generate extensive data on environmental 

conditions within the building and resultant occupant comfort levels. The following 

comfort-related output is available (Figure 29): 

 Internal air temperature: the calculated average temperature of the air. 

 Internal radiant temperature: the average Mean Radiant Temperature (MRT) of 

the zone, calculated assuming that the person is in the centre of the zone, with no 

weighting for any particular surface. 

 Internal operative temperature: The mean of the internal air and radiant 

temperatures. 

 Outside dry-bulb temperature: site data. 

 Relative Humidity: the calculated average relative humidity of the air. 

 Fanger PMV: Fanger Predicted Mean Vote calculated according to ISO 7730. 

 Pierce PMV ET: the Predicted Mean Vote (PMV) calculated using the effective 

temperature and the Pierce two-node thermal comfort model. 

 Pierce PMV SET: the Predicted Mean Vote (PMV) calculated using the 'Standard' 

effective temperature and the Pierce two-node thermal comfort model. 

 Pierce Discomfort Index (DISC): the Discomfort index calculated using the 

Pierce two-node thermal comfort model. 

 Pierce Thermal Sens. Index (TSENS): the Thermal Sensation Index (PMV) 

calculated using the Pierce two-node thermal comfort model. 

 Kansas Uni TSV: the Thermal Sensation Vote (TSV) calculated using the KSU 

two-node thermal comfort model. 

https://en.wikipedia.org/w/index.php?title=ISO_16813&action=edit&redlink=1
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 Discomfort hrs (summer clothing): the time when the combination of zone 

humidity ratio and operative temperature is not in the ASHRAE 55-2004 summer 

clothes region. 

 Discomfort hrs (winter clothing): the time when the combination of zone 

humidity ratio and operative temperature is not in the ASHRAE 55-2004 winter 

clothes region. 

 Discomfort hrs (all clothing): the time when the combination of zone humidity 

ratio and operative temperature is not in the ASHRAE 55-2004 summer or winter 

clothes region. 
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3.2.11 Building Monitoring Service 

The ENCORE project building monitoring service covers a range of sensor networks 

technologies and the delivery of the acquired data for real-time assessment of 

environmental conditions and energy consumption and for historical storage for data 

analytics processing in order to determine changes in the building performance response. 

Figure 30 illustrates the high-level functional architecture that the SmartGateways 

platform implements all will be used to implement the building monitoring service in this 

project. 

 
Figure 30: High level functional architecture for the complete building monitoring service. 

 

At the base layer, the “Physical Sensors” collect data from the environment or systems 

under measurement. 

The “Sensor Networks” layer is comprised of the network management engine and the 

interface with the Internet, usually designated as the gateway. Sensor data flows can be 

immense, creating high bandwidth demand on the internet infrastructure. Therefore, the 

SmartGateways gateway takes over the task of pre-processing all sensor data, deploying 

analytic algorithms, managing the security of these data transactions and implementing 

decision strategies to produce control networks. The pre-processed data is then made 

available for internet-based services with the purpose of remote monitoring and control. 

“Data” is at the heart of any IoT architecture and depending on the nature of the system 

infrastructure, it can be processed closer to the bottom layers of this architecture or closer 

to the top where it is used by cloud-based services. Data formats be them standards or 

proprietary are needed to transfer data between the different architecture tiers and also 

within the same tier between different technology protocols. There is wide range of data 
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protocols that define the format for the data structure that are supported under the 

SmartGateways platform. 

At the top layer, the “Software Frameworks” provide a set of cloud-based services, that 

allow more in-depth processing, including data analytics, data visualisation and operation 

status. These services also include data storage and are crucial to develop the high-level 

applications that feed from a wide variety of data sources and systems. 

The SmartGateways platform operates mainly at the two middle tiers, supporting an 

interoperability layer between different sensor networks as well as offering a similar 

service at the data exchange level. These interoperable features allow the integration of 

heterogeneous sensor networks and other established distributed control systems into a 

unified platform. The SmartGateways platform also offers the possibility of developing 

bespoke solutions at the higher application tier through exposed APIs. 

The ENCORE project identifies the “Edea Experimental Architecture Lab” in Caceres, 

Spain as the test case for the service. The “Edea Experimental Architecture Lab“ is an 

uninhabited house that has a complete sensor network to monitor environmental variables 

as well as energy usage. Because there is already in place a sensor network,s the proposed 

service will cover the integration with the existing installed system. To be able to 

demonstrate a wider range of building fabric and occupancy and use parameters a solution 

for sensor network retrofit will also be presented. 

 

3.2.11.1 Technology level  

Proposed technical platform for the building monitor service architecture by use case: 

 The “Edea Experimental Architecture Lab” interfacing with the current installation; 

 All existing sensor interfaces based on MBus will be connected do the 

Smartgateways platform gateway using an MBus to IP bridge device. This 

also provides a physical separation from MBus wiring and the gateway 

minimizing conflicts on the use of the bus and potential new devices 

installation. 

 Security measures will be implemented at router/firewall connecting the 

router/interfaces with the internet. 

 Public buildings and social housing; 

 A range of wireless battery powered sensors following the ZigBee protocol 

will be used together with a centralized security model and keys based on 

Blockchain. This is achieved when a reasonable number of networked 

gateways is installed which then guarantee the validation and certification of 

the data exchanges. 

 security measures will be implemented at router/firewall connecting the 

router/interfaces with the internet. 
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3.2.11.2 Smartgateways cloud services.  

This layer covers the communication between the physical gateway devices with the 

cloud. 

 All communications with cloud services will be initiated by the SmartGateways 

gateway (SGW), thus preventing external attacks/access to the gateway. 

 All data exchange between the SGW <-> Cloud will be in the format of blockchain 

envelops is described in the section “Secure IoT communication with blockchain” 

below, making it virtually impossible to 3rd parties to access the data. 

 The SGW will store in a local DB all sensor data logging (range of 3 months 

logging) 

 The CLOUD SERVER: 

 Will implement a REST API for integration with the ENCORE overall 

platform. 

 Will implement WEBSOCKETS protocol for real time communications with 

SGW. 

 Will be responsible for storing all sensor data logging. 

 Will emit alerts based on predefined conditions. 

 There will also be a CLOUD BackOffice for managing the SGW’s (firmware 

upgrades, security patches, new functionality, etc.) 

 A data visualisation platform will be provided for viewing real time and historical 

sensor data. 

  

3.2.11.3 Secure IoT communication with blockchain 

As Internet of Things applications are by definition distributed it’s only normal that the 

distributed ledger technology, which blockchain is, will play a role in how devices will 

communicate directly between each other, computers and cloud (keeping a ledger and 

thus trail of not just devices but also how they interact and, communication details’, and 

potentially, in which state they are). 

A blockchain, is a continuously growing list of records, called blocks, which are linked 

together. Each block typically contains a hash key of the previous block, a timestamp, 

and transaction data. 
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Figure 31: IoT communication with blockchain 

All new blocks (information) are directed linked/validate to the previous block with a 

mathematical function (hash) thus making it impossible to alter information, otherwise it 

would break the integrity of the “signature” of all blocks. 

The only way to alter a record is to add another block with update information. This 

ensures that there is always a track record of changes, and previous historical information 

is accessible. No data is lost. 

Blockchain is designed as a basis for applications that involve transaction and 

interactions. These can include smart contracts (smart contracts are automatically carried 

out when a specific condition is met, for instance regarding the conditions of goods or 

environmental conditions) or other smart applications that support specific Internet of 

Things processes. This way blockchain technology can improve not just compliance in 

the IoT but also IoT features and cost-efficiency 

Imagine that one or a group of entities (devices, computers, servers, services, etc.) are 

assigned with special privileges on the blockchain. To insert a new block, a consensus is 

needed. There can be different consensus typologies, or event different groups with 

different skills. 
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Figure 32: Consensus typologies 

There also can be several groups in ascending ranking order. Each of these groups can 

have one-to-n entities. 
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3.2.12 BIM Visualization, Feedback and Monitoring  

Visualisation and Feedback occurs at different levels: 

 The integrated platform will offer a front-end that enables to follow up the whole 

renovation life-cycle. It will also include feedback mechanisms for all the 

stakeholders that will be detailed in the Design Deliverables. The platform and its 

services will be developed in JAVA with Spring and the front-end will be 

dynamically generated using ThymeLeaf templates engine. 

 The front-ends of ENCORE mobile apps will be developed web-based solutions, 

being fed by all the backend services. They also include feedback mechanisms for 

the different stakeholders that will be captured by the backend services. 

 In addition, during the execution of the project, this service they will be able to 

follow up the status of the project by means of the information provided by the 

Encore Engines (e.g. Data Acquisition, KEES) Construction Project Management 

Services. 

 Finally, once the renovation project ends, the tenants will be able to continuously 

monitor energy consumption and comfort parameters, as provided by the BM 

Service. There are two types of monitoring in ENCORE:  

 Monitoring of the dwellings, which is fully described in the Building 

Monitoring System.  

 Monitoring of the whole renovation life-cycle by the integration of a logging 

system like GRAFANA that can be used to exploit the data obtained along 

the renovation process. 

It must be remarked that visualization of the BIM model will require a specific 

architecture as represented in the picture below.  

 

Figure 33 Visualization of BIM Model 

BIM model requires two main components:  
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 BIMServer1 is based on the open standard IFC. IFC data are interpreted by the 

BIMServer Kernel and stored as objects. On top of the database core features like 

merging, model-checking, fusion, authorisation/authentication, comparing, etc. are 

available. Everything is based on plugins in an open framework. 

 BIMViewer. The server provides information to any standard BIM viewer to 

visualize the model. For example, BIM Surfer2 is an open source WebGL based 

viewer that is able to visualize IFC objects.  

The ENCORE BIM Viewer will be a full featured BIM viewer integrated directly 

into the browser thus facilitating easy and remote access. 

3.2.12.1 ENCORE BIM Viewer 

The viewer in the ENCORE platform will be a full featured BIM viewer integrated 

directly into the browser thus facilitating easy and remote access to the design project. 

For the end-user the BIM viewer will function as a coherent eco-system where the only 

thing the AEC actor needs to do, is to upload the BIM as IFC to the ENCORE platform 

thus giving the end-user a complete overview of the building design. 

The BIM viewer will feature many different services that the end-user can use during the 

design process. 

 Multi-user setup 

 Distributed environment 

 Federated model 

 Realtime interaction and synchronisation 

 Voice chat 

 BCF support 

 POI system 

 3D floor plans 

 View management, turn off discipline models, IFC types etc. 

 Spectate system 

 Measuring tool 

Figure 34 below shows the cloud-based architecture of the envisaged BIM Viewer.  

 

Explanation of the BIM Viewer components: 

 DC – Data Cloud. The ENCORE platform will be provided by the retrieval and 

storage of models. 

                                                           
1 http://bimserver.org/ 
2 http://bimsurfer.org/ 

http://bimserver.org/
http://bimsurfer.org/
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 MP – Multiplayer Master.  

 Multiplayer Logic Data 

 Voice Chat 

 Changes to DC Models 

 BCF – BIM Collaboration Format. Retrieval and storage of BCF data 

 Web Server: 

 Authentication (delegated via ENCORE platform) 

 Authorization (delegated via ENCORE platform) 

 REST API 

 

Figure 34: BIM Viewer Cloud Architecture 
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4. CONCLUSIONS 

D1.4 ENCORE Architecture deliverable describes the preliminary version of the overall 

architecture of ENCORE Platform. It describes a microservices architecture based on 

virtualized and containerized infrastructure that can be handled as code.  

The deliverable shows how the team will organise the development work on Git Flow, in 

order to keep the three main releases of the project under control, i.e. Early and Full 

Prototype and Final Version. It also describes the mechanisms established to continuously 

integrate and deploy code in a virtual infrastructure, automatically executing tests and 

quality checks. The same mechanisms are used to keep infrastructure as code under 

configuration control. The containerized runtime environment, that continuously adapts 

to the changing needs of resources of the services, is also described. 

Finally, the document offers architectural details and specific needs of all ENCORE 

services. 

The architecture described in this document is just a preliminary version that may change 

over the duration of the project. The adaptive methodology allows to incrementally 

introduce changes. Since there are no future versions of the present deliverable, any 

changes affecting the architecture will be reflected in the multiple versions of the design 

deliverables. 


	1. Introduction
	1.1 Document purpose
	1.2 Approach Applied
	1.3 Document structure
	1.4 Contributors

	2. Encore Platform Architecture
	2.1 Technical Architecture

	3. ENCORE Implementation Plan
	3.1 Software Engineering Approach
	3.1.1 Adaptive Project Management with a CI/CD pipeline
	3.1.1.1 Anatomy of a Development Sprint

	3.1.2 Development Environment
	3.1.3 GitLab’s GitFlow
	3.1.4 CI/CD application pipeline and the GitOps way for infrastructure
	3.1.4.1 The GitOps way for infrastructure


	3.2 Implementation Framework
	3.2.1 Runtime Environment
	3.2.2 Data Acquisition Service
	3.2.3 Image Processing and Reconstruction Service
	3.2.4 Knowledge Extraction and Object Enhancement Service
	3.2.4.1 Knowledge Extraction Specification
	3.2.4.2 Object Enhancement Specification

	3.2.5 BIM Resources Repository Management Service
	3.2.6 On-site design analysis and verification
	3.2.7 Automated Work Planning
	3.2.8 Construction Project Management Service
	3.2.9 Energy Savings Simulation Service
	3.2.10 Comfort Simulation Services
	3.2.11 Building Monitoring Service
	3.2.11.1 Technology level
	3.2.11.2 Smartgateways cloud services.
	3.2.11.3 Secure IoT communication with blockchain

	3.2.12 BIM Visualization, Feedback and Monitoring
	3.2.12.1 ENCORE BIM Viewer



	4. Conclusions

