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EXECUTIVE SUMMARY
This deliverable concerns the development of the full prototype of the ODAVS service, that is the
On-site Design Analysis and Verification Service, and concerns the integration of several levels of
intelligence and physical components according to a holonic approach, in order to efficiently perform
on-site assessment of renovation options (the so called “candidate studies” in the rest of this deliverable) of residential buildings. One of the positive consequences resulting from the application of this
approach is the realization of remote cooperation between designers and an experts/advisors acting
on-site. Another positive consequence is that such an interaction is facilitated by an intermediate
technology layer in charge of augmenting information about the renovated scenario of the building
and of supporting the display of both geometric and non-geometric information. This cooperation
may be required by the designer in case he/she must make a decision about which candidate study is
the most suitable one among a set of alternative choices regarding a specific technical solution. As a
result of the expert/advisor assessment, the choice of the preferred study can be accomplished and the
overall quality of the design phase can be improved. Technically, such an evaluation will be supported
by a technique that superimposes virtual models (i.e. the candidate study representing a renovated
scenario) over the current scenario of the real building, which is the place where renovation actions
will be implemented.
The ODAVS full prototype has been preliminarily shared during the latest general meeting (29-30
June 2021) of the Encore consortium. In addition, it follows and is in line with the contents of Deliverable 1.2 “Requirements v1.0” (which includes Encore-wide User Stories and pilot Use Cases), of
Deliverable D1.3 “Concept v1.0” (where the overall Encore cloud platform is designed and ODAVS
is described as one of the Encore services offered by the platform), of Deliverable D1.4 “Architecture
v1.0” (where the architectural details and specific needs of ODAVS service are determined in order
for ODAVS to be integrated in the Encore platform as a service). It has embedded lessons learned
during the development of the ODAVS early prototype reported in D3.1 ”Early On-site Design Analysis and Verification (ODAVS) Services” and is in accordance with Deliverable D3.7 “Early Design
BIM-aided holonic management systems for building renovation”.
Based on what reported above, requirements from the stories analyzed in D3.1 and the development
of a new workflow have led to the definition of the final version of the ODAVS architecture. The
development phases arranged throughout the several units of the ODAVS full prototype are reported
in Chapter 4 and its implementation is showcased in Chapter 5. The tests have been performed in the
machine laboratory of the Dicea Department.
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1.

INTRODUCTION

1.1

DOCUMENT PURPOSE

The purpose of this Deliverable is to design and realise the full ODAVS prototype, as required by
Task 3.1 of Work Package no. 3. At the core of the technology of the ODAVS service lies the adoption
of Mixed Reality (MR) tools, which support on-site analyses between alternative candidate studies.
The first precondition that makes this technology applicable in this field is that designers are allowed
to access the ODAVS service by means of the login function and that they can upload the candidate
studies to be assessed thanks to the interface provided by a dedicated REST API for the upload of
those studies. The second precondition is that experts/advisors working on-site can connect the MR
headset to the ODAVS service, check what studies require assessment and upload those studies separately. The third tool that is made available is the model alignment tool, which helps experts/advisors
to superimpose every renovation option (i.e. candidate study) over the existing building. During onsite assessment, experts/advisors can record their opinion, and those files are made available for designers that must make a decision. These recordings can be accessed through the architect Web GUI,
that stores both inputs and outcomes of the assessment phase.

1.2

APPROACH APPLIED

The work envisaged in this deliverable has been carried out based on five main phases:
1. Analysis of the current workflow and development of a novel, more efficient workflow to
carry out the assessment of renovation works in residential buildings, even by means of the
definition of a list of stories, which allowed us to perform requirements elicitation regarding
the sub-phases of the design process whenever any designers wish to get advised by any expert
present on-site; the development of stories has been carried out in D3.1 and those results have
been summarized in sub-section 2.1 of this deliverable.
2. Development of the framework in accordance with the overall holonic approach object of
WP3, that will be finalized in D3.8; in the case of ODAVS, the Cognitive interpretation has
been adopted.
3. Analyses of the outcomes derived from the preliminary tests performed on the early ODAVS
prototype, thanks to which some important methodological and technical decisions have been
made, namely data to be uploaded from BRM/BREA services, the model alignment approach
through the use of tags, data to be provided in the Web GUI and functionalities to be developed for an optimal experience by designers.
4. Development of the final MR app, which involves the possibility of converting one or more
BIM files into a proper format so as to be up-loadable in the MR app, to be able to superimpose
the renovated scenario over the existing one, to manage both geometric and non-geometric
information and to upload assessment results on the ODAVS service. The developed software
tools to the purpose of the full ODAVS prototype were shared on GitLab and are running on
the DICEA server.

1.3

DOCUMENT STRUCTURE

This deliverable is structured as follows:

Version 3.0

Page 8
Confidentiality: Public Distribution

D3.2 Full On-site Design Analysis and Verification
Services (ODAVS) Prototype

•
•
•
•
•

Section 2 reports on the requirements elicited from stories developed in D3.1 and defines the
new workflow envisaged for that fraction of the Encore processes involving ODAVS service;
Section 3 resumes the ODAVS concept and architecture with respect to the holonic approach
developed in WP3;
Section 4 concerns the design of the ODAVS full prototype and reports in detail the development of every unit forming ODAVS;
Section 5 reports on the implementation of ODAVS in a real test case and a discussion of the
outcomes from these laboratory trials;
Section 6 is devoted to Conclusions.

1.4

CONTRIBUTORS

All project partners have substantially advised in the drafting of this deliverable with UNIVPM 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.

ANALYSIS OF THE WORKFLOW

The final purpose of Odavs service is to facilitate the assessment of alternative renovation options,
that will be called “candidate studies” in the rest of this report, thanks to the development of a new
workflow that will bring several advantages. The first one is a closer cooperation between the architect and the design team on one side, and on-site experts that can check feasibility and constructability
of candidate studies with respect to the existing scenario on the other side. The second benefit provided by Odavs is that this on-site verification is performed by means of integration of Mixed reality
technology, that facilitates selective display of renovation options and immersive visualization onsite. The third benefit is that cooperation between the architect and experts can be asynchronous, thus
improving efficiency. In sub-section 2.1 the requirements elicited from stories developed within Deliverable D3.1 will be summarized, while in sub-section 2.2 the new workflow developed by the
consortium on how to enhance renovation design thanks to ODAVS and in accordance with the overall Encore workflow and the requirements previously identified will be presented.

2.1

REQUIREMENTS ELICITED FROM STORIES

The requirements elicited by means of stories developed within D3.1 may be grouped into three main
categories:
1. those requirements that allow an architect to ask for experts’ advice on the assessment of any
candidate studies and to transfer relevant information from her/his point of view that experts
can use at their advantage;
2. those requirements that concern the assessment phase performed by experts on-site, while
wearing a mixed reality headset that facilitates the concurrent experience of the existing scenario and the display of virtual models of candidate studies;
3. those requirements that allow experts to provide their feedback about any candidate studies
and the architect to take into account such a feedback to support the choice of the best design
option (that is called “appointed study” in the rest of this report) among a set of alternative
ones.
The first group of requirements, among the categories cited above, basically targets scene creation.
In other words, the architect is allowed to interact with a GUI that can be opened by invoking a web
service, and can be used to provide the material that is required by experts to perform an on-site
assessment. As a result of the research work done, the technical requirements driving implementation
of the full Odavs prototype have been as follows:
•
•

•
•

every candidate study must be associated with a project name, which identifies basic project
data, such as its location, owner/sponsor, architect;
the architect upload an ifc file for every candidate study on the Odavs service through the
web GUI and associates an attachment including relevant information such as components
labelled as new or replaced, and energy and comfort performances and cost estimations qualifying the overall solution;
the architect must be able to ask for the help of an expert she/he wants to involve in the
assessment to be made;
the selected expert must be able to start the application and locate and display the lists of
candidate studies to be assessed, as soon as she/he gets on-site and wears the MR headset;
to this purpose a customized Odavs App has been developed.
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The second group of requirements mainly affects the Odavs App for Microsoft Hololens that maximizes the experience of experts on-site. With regard to technical requirements, the full prototype complies with the following requirements:
•

once the candidate study has been selected by the expert, she/he must be able to align the
virtual representation of that model over the real building in order to experience the future
renovated status of the building;
a virtual menu will aid the expert to perform selective display of components, e.g. in case
she/he wants to filter just those components that will be added in the building or a precise type
of those components;
by means of the virtual menu, the expert could be able to retrieve non-geometric information
about either a specific component or the overall performance of a candidate study.

•
•

The third group of requirements aims to assure that the assessment made by the expert can be of great
help for the architect, even within an asynchronous cooperation. To this purpose, the full Odavs prototype conforms the two requirements listed below:
•
•

on-site experts are required to stream via the MR headset an audio file including any comment they wish to provide to the benefit of the architect’s work, and these files are stored in
the Odavs service;
the web GUI allows architects to login and check whether any comments (i.e. in the form of
audio files) have been associated with a candidate study, which is in turn associated with a
project; audio files can be played by means of the same GUI.

2.2

THE WORKFLOW SUPPORTED BY ODAVS

The workflow supported by ODAVS service is based on the following assumptions:
•
•

•
•

the architect is supposed to develop several alternative renovation options in the form of
building models, and each of them must be assessed in terms of energy performances; every
renovation option is called a “study”;
the energy expert (that may be the same person as the architect) exploits the BRM/BREA
services to assess every “study” previously developed from the energy performance point of
view; the architect may make the decision that a subset of these studies must be assessed by
means of an on-site survey, to be performed by means of the Odavs service, and this subset
is called “candidate studies”;
once the expert gets on-site and perform her/his own assessment, she/he enriches every candidate study the assessment resulting from her/his opinion;
eventually, the architect is able to combine her/his personal opinion with the feedback received from the expert and can make a decision about the preferred solution, that is called
the “appointed study” and that will be the object to be executed.

The assumptions listed above generated the workflow depicted in Figure 1. Basically, the architect
gets as an input the model of the current status of the building. Then, she/he works either within a
BIM authoring tool or BREA to develop several alternative “studies”, which will be assessed from
the energy point of view by means of the Encore tools BRM/BREA. A subset of these studies, that
are called “candidate studies”, may be selected to undergo further analysis using the ODAVS service,
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e.g. as long as constructability analyses must be performed or geometry compliance between he existing building and the renovated one must be verified. Candidate studies should include even information about the overall energy performance and estimated budget, being two relevant input criteria
for the assessment performed by the expert. Once the expert gets on-site, she/he will be able to display
every candidate study through the MR headset and align the virtual model over the real building. As
a result of these assessments, the expert shall attach one or several audio files including the assessment
of every candidate study. These feedback will be taken into account by the architect to make a decision about the best overall candidate study, that will then be labelled as the “appointed study”.

Figure 1: The workflow supported by ODAVS

Thanks to ODAVS, the expert can perform several verifications on-site. An example may be the
location of terminal units of technical services in building rooms (e.g. air inlets, heating units of
HVAC). Another example may be checking conflicts between existing elements (e.g. light switches)
and new components that must be built as a result of the renovation design (e.g. partitions that could
interfere with the use of lighting switches that have been confirmed in their position). Again, the
addition of a bulk internal component, such as a partition or a new ceiling, might interfere with the
access into technical rooms, although it is rarely used by maintenance crews. Basically, the execution
of these verifications by means of just virtual models is possible only if a very detailed and accurate
model of the current status of the building has been developed. This is even more valid whenever
small components are involved, which may often be neglected by surveyors. As a consequence, a
direct comparison between he renovated virtual model and the existing real status of the building can
guarantee the highest level of accuracy when comparing the two different phases of “existing” versus
“renovated”.
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3.
3.1

ODAVS ARCHITECTURE
THE HOLONIC APPROACH

Thanks to the Odavs service, while doing on-site surveys experts are supposed to be equipped with
MR tools that extend their capabilities and perform the integration of several levels of intelligence
and physical components. In other words, once the assessment of any candidate study is required, the
human expert is in need of enhancing their abilities to be able to sense correctly the environment,
which is the physical domain of application. Meanwhile, ODAVS takes care of the integration between human intelligence and technology devices, and sets up real-time links between the knowledge
representation and reasoning context and the design problems that must be assessed. Indeed, a wellintegrated connection between the physical environment and the smart self-capabilities of several
agents or devices shall feature as a whole.
In the resulting system, humans intervene and collaborate in the processes at every level and perform
a seamless collaboration between humans and machines. This combined cooperation and coordination, that is achieved through negotiation, realizes an example of Cognitive Interpretation of holonic
management systems (HMS), that will provide greater agility and increased robustness against disturbances as compared to centralized systems (Figure 2). In fact, the holons of a given level are included in the superordinate holon that has cognitive capacities and autonomy as well. As long as this
approach is transferred to the Odavs case, the on-site expert, while walking throughout a site, collects
information about overall performances of the system being assessed and about more specific technical features. This holon can either make individual decisions or can participate in the collective
decision, which case would give birth to the holonic multi-agent systems that are meant to be a composition of services in a distributed collaborative framework. This avoids requiring centralized decisions that may not always be aware of the overall current real status of the site.

Figure 2: The main holarchies involved in Odavs (Ref. Deliverable 3.7)
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Technically, the technology is enabling the perception of the real and virtual environment at the same
time. ODAVS supports experts in assessing proposed candidate studies by exploiting expert
knowledge directly operating in the job site. A basic requirement for a holonic system to be reactive
and to be able to overcome unforeseen obstacles, is constantly maintain a virtual model aligned over
the actual reality to the purpose of reality mirroring. Thanks to MR technology, ODAVS overcomes
this issue by spatially plunging the expert into a world made by blending reality with the candidate
study that must be assessed.

3.2

INTEGRATION OF ODAVS IN THE OVERALL ENCORE PLATFORM

As described in D1.4, the architecture of Encore platform is structured in four layers (i.e. data sources,
data capture, engine and applications) and is based on micro-services. The “Application” layer
contains that set of services visible to the main end-users (Figure 3). ODAVS is one service that
supports the architect in the creation of the appointed study, that is to say that renovation options
among a set of options drafted during the design phase, that has been approved as the one to be
executed.

Figure 3: ODAVS in the overall Encore structure of the Encore platform (Ref. Deliverable 1.4)

Technically, ODAVS has been developed as a web-App with its Graphical User Interface (GUI), that
allows mainly the architect but also any appointed experts to interact with the platform, filtering
relevant information and adding data as input to the system, after performing some assessments.
In order to realize the workflow depicted in Figure 1, ODAVS is made of several units interfacing it
with other actors or connected services. A REST API will be invoked from BRM/BREA to upload
candidate studies onto ODAVS (Figure 4). A web-App specifically developed an customized to be
started and executed by the expert wearing Microsoft Hololens headset for MR allows any experts to
check the list of candidate studies to be assessed (and categorized according to the project). This same
App allows the expert to align (i.e. to scale, move and rotate) any virtual model (corresponding to the
candidate study) over the real building while performing the on-site survey, and to upload her/his
remarks and suggestions onto the Odavs service. These remarks and suggestions, that are recorded as
audio files linked to the interested candidate study, can be accessed by means of the GUI developed
for the architect. Indeed, the architect can access the Odavs service and go through all the steps and
documents produced across the assessment, including the remarks produced by the expert. This
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information complement other information in order to reach the final decision about the appointed
study. Even more important, the process allow an asynchronous cooperation between the expert and
the designer, in fact improving the overall efficiency and integrating several levels of intelligence and
several types of actors and machines during the assessment of candidate studies.

Figure 4: Excerpt of sequence diagrams regarding ODAVS service

3.3

CONCEPT AND ARCHITECTURE

The management of several integrated holarchies is performed by ODAVS by means of cooperation
between human actors involved in the assessment of candidate studies and machines and applications
customized for that. According to particular needs arising during the process, the architect and her/his
design team will work out various candidate studies that will enrich the BIM model, and will be
verified by means of the several services provided by Encore, among which ODAVS. As long as
additional expertise is required to make any decisions, the architect and the design team can invoke
the help of such an additional expertise just by using the Encore portal; then, another holarchy (like
in Figure 2) is generated and the task is performed without taking physically the expert on-site to
perform a joint survey. This is one of the reasons why ODAVS can assist this scenario by setting up
a very efficient approach. In fact, the expert is supposed to wear the MR tool and use an in-built
software application to switch between the alternative design solutions, which are retrieved from
Odavs service. The experience of the survey will exploit man-machine cooperation to extend the
capabilities of the expert. To this purpose, the MR tool will align virtual models over the existing
environment so as to check consistency between the existing and the expected renovated scenario.
Also, a virtual menu will facilitate the expert in the assessment tasks by enabling selective display of
the several components of the virtual model and perform component-wise assessment. At the same
time, the expert is provided some non-geometric information about both single components and the
overall solution (e.g. energy performances and budget). As a result, knowledge is generated thanks
to the combination of these two holarchies into a higher-level holarchy that provides opportunities
for an integrated evaluation of virtual and real models and on-site and off-site experience of the candidate studies and resulting feedbacks continuously enrich the BIM model. This combination triggers
points of view that could not be possible otherwise.
The full prototype of ODAVS, is made of three units:
1. Scene Creation: this unit includes the connection to sources of data, the processing required
to create the virtual model and to rearrange the information so that it can be associated to parts
of the model during the survey;
2. Site Experience: this unit includes the services necessary to make on-site experience possible
and to enhance human capabilities during the assessment;
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3. Remote Collaboration: this layer contains several services, which are mainly devoted to information management between the parties involved in the process.
The interface with the rest of the Encore Portal is provided by a REST API.
As a result, the ODAVS architecture (Figure 5) exploits a REST API interface that can be invoked to
transfer candidate studies into ODAVS in the form of an open standard (e.g. ifc), along with enclosed
attachments containing structured information to enhance the capabilities of the expert during on-site
assessment (e.g. overall performances of candidate studies, properties of building components included in the renovated option). Candidate studies must be uploaded onto ODAVS either by the architect or by the energy expert in charge of energy assessment.
The first unit of ODAVS will process the transferred input data and generate one or more virtual
scenes, as many as the number of candidate studies to be assessed. Technically, this step requires the
development of an app that converts imported candidate studies, generates a virtual menu and displays the relevant information of the model as one or more holograms in the MR tool.
Once the scene is created, the second unit allows the expert to scan the list of virtual models to be
assessed on a specific site and to enhance the visualization of the virtual model superimposed over
the real building, while wandering on-site and according to his/her position and point of view. The
digital menu helps the expert switch between the alternative scenarios. In this phase he/she will assess
the various alternative options and, in case they are available, he/she can include other relevant data
(e.g. energy performances and cost estimate of the displayed scenario) in the assessment. Finally,
he/she will be required to enrich every candidate study with her/his assessment that will be stored in
ODAVS, linked to the candidate study of interest and made available for the architect.
The third unit consists in a Web app with a GUI, which allows the architect and design team to interact
with ODAVS in order to retrieve the result of the assessment performed by the architect. This supports
asynchronous cooperation between the architect and the on-site expert and provides input for the
architect to select the appointed study, that is the best renovation option.

Figure 5: Odavs architecture
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4.
4.1

DEVELOPMENT OF ODAVS
OVERVIEW OF ODAVS

Figures 6a and 6b depict the processes involved in ODAVS by means of storyboards, with particular
emphasis on the phases interesting for the end-users, that make the first lane of the diagram. The top
lane shows the storyboard that is made of the user interfaces states and the corresponding operations
are described in the bottom lane. The overall system is made up of an MR App for the expert in charge
of performing the assessment (Figure 6a) and a Web GUI for the architect in charge of deciding about
the best study among different options (Figure 6b). These corresponding user interfaces will be described in more details in the next sub-sections 4.3 and 4.4.
The overall process starts outside ODAVS as soon as, by means of the BRM/BREA services, either
the architect or the energy expert in charge of working out different studies requires that a subset of
these studies must be further analysed by means of an on-site assessment. The subsequent execution
of ODAVS service requires some prerequisites. First, at least one study must be uploaded in
ENCORE for the given project, containing at least one IFC file. The IFC model must include also the
tags needed for supporting the model alignment phase. Second, the studies to be assessed must be
marked as “candidate” by the energy expert. When this happens, the whole studies together with their
metadata and simulation results are sent to the ENCORE portal and to the ODAVS service through a
REST API. This also triggers in ODAVS server a backend conversion of the IFC into a GLTF file
since this format can be more easily managed in portable/wearable devices such as the HoloLens.
When a project is defined in ENCORE with at least one study marked as “candidate”, the expert is
notified by the design team for the need of an assessment, and he/she starts to use ODAVS. He/she
gets on-site with a list of positions at which the reference tags have been placed by the design team.
The first time he/she gets on-site, he/she must install tags at those known positions, as described
above.
Then, he/she wears the Mixed Reality headset, and starts the ODAVS App. With reference to Figure
6a, in step no.1, he/she can explore his/her assigned task in the form of list of studies to be assessed
for each project. When a study is selected, the assessment process proceeds to step no. 2 of the storyboard where the model is downloaded by the App from the ODAVS server but, before proceeding
with the assessment, the expert must align the virtual model with the real environment by sequentially
observing two reference tags in the space.
Once the site experience is over, as shown in phase no. 3, the expert performs the assessment while
wondering on-site and uses the virtual menu both to customize the holograms visualization and to
retrieve non-geometric information by selecting single holograms. The same App supports the expert
in the phase of creation of assessment reports by recording audio files and storing them as enclosed
information of every candidate study, thus providing asynchronous feedback to the design team.
With reference to Figure 6b, the voice comments can be listened and browsed by the architect in a
later time, by using the dedicated Web GUI. In step no.1 the architect is required to access ODAVS
by means of the ENCORE portal and to select a project and a study. Then, in step no. 2, he/she can
check the results of the assessment by listening and downloading the audio feedbacks left by the
expert. This information is supposed to be of great help for the architect to select later the appointed
study.
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Figure 6: The ODAVS storyboards for the on-site expert (a) and the off-site architect (b).
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4.2

THE UPLOAD REST API

Renovation options are stored in the Encore platform as IFC files. A project in Encore is a collector
of renovation options, hence of IFC files denoting alternative solutions to the renovation problem. In
order to load a model into a mixed reality wearable device, the IFC files of the renovation options
must be converted into a more suitable and lightweight format. For this purpose, a GLTF 2.0 specification has been chosen as it is designed for “efficient transmission and loading of 3D scenes and
models by applications” (https://www.khronos.org/gltf/).
IFC files are uploaded when they are available and ready in Encore onto ODAVS through a Restful
API (Figure 7). As soon as the IFC file is received by the ODAVS Restful API, it is passed through
an IFC2GLTF translator that converts it to a GLTF file by providing all materials information.
Textures, that are not defined in the IFC file, could be added by means of external graphical tools for
making the GLTF model more realistic, but this is not necessary for the purpose of ODAVS. An
uploaded renovation option is passed through a POST invocation with the following metadata: project
identifier, study name, creation datetime, modification datetime, location, author. This returns a JSON
response containing the transferred data and, in addition, a newly generated URL, ready to host the
IFC file. Next, the Encore portal can do a second PUT request to such URL in order to provide the
IFC file content.
Along with the IFC files, the corresponding GLTF versions, the project and the renovation options
metadata (such as overall cost, main performance indicators, yearly energy consumption, etc.) are
acquired by ODAVS for being displayed in the client-side user interface.
This information will then be used to produce the “game scene” in the ODAVS app. The elements of
the game scene must all remain stored and linked in a local repository in order to keep the link with
the original information and to be able to enrich it with ratings and comments added by the expert
during the on-site assessment.
A serious game app has been developed as mock-up that displays the renovation options and enable
the expert to easily assess them. It was compiled and deployed for the mixed reality headset Hololens
under Unity environment.

Figure 7: REST API invoked by BRM/BREA to upload candidate studies.
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4.3

THE EXPERT APPS

Basically, two expert Apps are available: the main App for the Mixed Reality headset and another
one for supporting the expert in the alignment through a mobile phone. They are described in detail
in the following subsections that represents the three assessment phases mentioned in Section 4.1.
4.3.1

Login and Scene Setup

The expert’s MR app assists the user showing a list of available projects, and the list of available
studies in a project. It has been developed under Unity3D 2019 environment with Mixed Reality
Toolkit, compiled, and deployed in the HoloLens by Visual Studio 2019. Some virtual menus have
been developed for allowing user login, switching among different projects and studies (renovation
options). Once an expert in charge of making an assessment will open the ODAVS app and pops up
the “Main menu” (Figure 8a) where she/he is asked to authenticate with own credentials. Login credentials are configuration parameters of the Hololens app, and in order to login with a different user
one has to modify the configured credentials. After authentication, the ODAVS app invokes a URL
of the ODAVS Restful API returning the list of available projects, and within each project the list of
studies it enclosed. The “Projects menu” is then shown for allowing selection of the project (Figure
8b); once a project has been selected through a click, the “Study menu” appears for selection of the
study (Figure 8c).
Once the expert selects one among the several assigned candidate studies, the corresponding renovation options (geometry information and metadata) will be loaded onto the ODAVS app. Then, the
URL of the study is returned by the expert selection; this triggers a GET request through the ODAVS
Restful API to fetch the GLTF file ready to be rendered in the game scene of the ODAVS app, together with a JSON file including the relevant information present in the IFC file that cannot be
represented in the GLTF (e.g. GUIDs, IFC types, and so and so forth).

(a)

(b)

(c)

Figure 8: Virtual menus displayed by MR headset to interact with the ODAVS service during the
“Login and Scene Setup” phase: “Main menu” (a), “Project menu” (b) and “Study menu” (c).
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4.3.2

Model Alignment

Once the expert loads a study of a project, the model is not immediately shown on the MR headset
since it still must be aligned over reality before ODAVS is able to overlap the holograms of the study
on the real environment.
The alignment is performed by an automatic procedure that requires the expert to consecutively observe two image targets in two different locations (not vertically aligned) of the same space. This
operation is supported by a mobile app displaying an image target and enabled to read NFC tags
previously placed in known locations.
The alignment mobile app is a web application exploiting the Web NFC API
[https://w3c.github.io/web-nfc/]. This technology is not yet a standard, but it allows a user of a smart
device (smartphone, tablet, …) to execute a remote JavaScript application granting access to its own
NFC scanner. In this way, special fields in the NFC tag can be read or written to exchange information
with the alignment web application. In our case, the web app reads the NFC serial number written in
the tag, placed in the renovation site, posts it to the ODAVS server and shows a predefined image
target to be localized in space by the MR headset.
The use of NFC tags among all possible technological solutions is motivated by the shortness of the
reading range that allows to accurately locate tags on vertical surfaces and with the possibility to
permanently embed them in the building components.
When a model is loaded in the app, a dummy empty object is built with all the image targets as
children placed as in the model. For efficiency and visualization reasons, all intermediate transformations are done on the dummy object and only when finished the full model is placed in the final
position.

Figure 9: Web app that record and manages NFC readings for model alignment.

The first time an experts get on-site, she/he installs NFC tags at the known locations indicated in the
corresponding ifc file. The mobile app running in the smartphone reads the NFC tags previously
placed in the real building and displays the image target; it exploits image recognition and localization
algorithms to identify and localize it in 3D space. When a tag is detected by the mobile app, it invokes
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ODAVS Rest API for recording the tag reading (Figure 9). Figure 10a shows the expert view when
watching and holding in its hand the mobile device looking for NFC tags and showing the image
target. When the MR headset detects an image target (Figure 10a) in its field of view, it asks the
ODAVS Rest API for the last tag ID to identify the corresponding tag in the model. At the first tag
detection the model is translated to overlap model tag with the real one. At the second tag detection
the model is rotated around the first tag to overlap the directions between the 1st and 2nd tags of model
and reality. Assuming that the model is already horizontal (this is possible thanks to the good accuracy
of the IMU embedded in the MR headset), after the second tag reading the model overlaps reality and
its holograms can be displayed. At this phase, a persistent anchor point is attached to the model for
keeping it always fixed in that space even while the expert is walking around.

(a)

(b)
Figure 10: Observer’s view during the automatic alignment process (a) and the eventual
subsequent interactive adjustment (b).

Further adjustments can be performed by using an interactive procedure: the model can be manually
moved over the reality by means of hand gestures captured by HoloLens to make this operation quite
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natural. In this mode, a cube hologram that acts as a target handling object for the movements is
displayed in front of the observer: an “air tap and hold” gesture on a face of the cube or on a model
hologram produces translations whereas a “air tap and hold” gesture on a vertical edge of cube produces rotation around its vertical axis. During movement, the model is always kept horizontal. Figure
10b shows the current approach used for the interactive adjustment. The interactive alignment mode
can be activated by the user by pressing the “Move model” button
as shown in the virtual menu
depicted in Figure 11. When entering the alignment mode, any previously placed anchor point is
deleted, whereas at the end of the alignment a new persistent anchor point is attached to the model.
4.3.3

Site experience and assessment

The assessment task starts when the expert arrives on site and establishes internet connectivity e.g.
by using the hotspot of the mobile phone. Then he/she wear the MR headset, logs in into the device
and runs ODAVS app. As described in Section 4.3.1, he/she selects a project and the desired study
within the available ones. The alignment is made as described in Section 4.3.2.
When a study is loaded and displayed, an “Assessment menu” is shown in front of user made of
different buttons (Figure 11) that allows the user to:
Load model

load a new study.
Move model toggle interactive alignment.
Model
toggle visibility for the holograms of the active study.
<Category> toggle visibility for the specific types of building elements, previously defined
in ODAVS administration app. This is a set of ifc types displayed in the last two
columns of the Assessment menu. Common categories are Furniture, Envelope,
Systems, TAGs.
Others
toggle visibility of all objects not belonging to the previous categories.
Lock/Unlock position of menu. When unlocked, the menu follows the user as
she/he moves.
Reset alignment.
By using the buttons in the last two columns of the menu, any components corresponding to IFC
types can be hidden/shown in order to keep visible only those parts of the renovation options that are
useful to perform the assessment task and to hide objects that may obstruct the observer's view with
respect to model parts to be assessed.
Moreover, every component of the virtual model can be selected by gazing it with the hand and performing an “air tap” gesture. The selected object is highlighted, and a new virtual menu is shown (the
“Recording menu” of Figure 12) that enables the user to record a voice comment as an attached audio
file. When a recording has finished (after a maximum length of 5 seconds each), it is sent to the
ODAVS backend, and it is shown on the right side of the “Recording menu” ready to be listened later.
The final assessment of a study will be made of a set of audio files attached to IFC elements and they
can be listened both on site by the experts or off site and asynchronously by the architect in charge of
defining the appointed study.
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Figure 9: The “Assessment menu” for managing the virtual model loaded in the active Mixed Reality
scene. The items on the last two columns of icons varies with the pre-defined ifc types on ODAVS server.

Figure 10: The “Recording menu” for attaching audio comments on the selected object and
listening previously recorded comments.

4.4
4.4.1

THE ARCHITECT WEB GUI
Login and Selection of Study

The administrator accesses the web application on the ODAVS server. In order to start a new session,
the login page appears asking for the user credentials of the administrator, who must have been
previously authorized (e.g. when the ODAVS server was configured).
4.4.2

Assign NFC tags to GUIDs

The architect is in charge for recording the NFC tags he/she owns. For each such tag, he/she can input
the tag serial code and the GUID of the IFC object representing the tag in the IFC model.
4.4.3

Check results of assessment

In this phase, once the architect is logged in, he/she selects one of the available projects, and within
it one of the available renovation options (Figure 13). The web GUI displays the solution metadata
and a list of recorded notes, previously uploaded by the expert through the HoloLens app, in the form
of audio files. By selecting one of such audio files, the architect can either download it or stream the
file and listen to it.
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Figure 11: The ODAVS architect web GUI.

4.5
4.5.1

THE ADMINISTRATOR WEB GUI
Login phase

The administrator accesses the web application on the ODAVS server. In order to start a new session,
the login page appears asking for the user credentials of the administrator, who must have been previously authorized (when the ODAVS server was configured or by another administrator). The provided credentials are validated by the Encore system and the GUI displays the available projects, and
within each project the available solutions that have been uploaded so far. While working on the
ODAVS web app, a link to the “login/logout” UI is always available. Once logged in, ODAVS returns
to the expert the list of projects corresponding to the assigned assessment tasks and allows it to select
one of them.

Figure 12: The ODAVS administrator web GUI.
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4.5.2

Information management

The administrator is granted access to all the data uploaded on the ODAVS web app by the architects
and the experts, viz. projects, solutions, IFC object categories, NFC tags, users, and groups (Figure
14). When a study is loaded, also the available metadata (e.g. estimated energy consumption, savings,
comfort parameters) may be displayed on the MR App. He/she can read or write each such information, but only for administration purposes (e.g. remove stale projects or solutions, allow a user to
access the system with a given role, and so on). The administrator is also in charge of configuring the
families of IFC object categories recognized and managed by the HoloLens app, providing to the
expert the opportunity to show/hide groups of objects depending on their types, when assessing the
solution on site.
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5.

IMPLEMENTATION

The full prototype of ODAVS is implemented as an application for Microsoft HoloLens and it has
been developed under Unity3D environment with Microsoft Visual Studio and Mixed Reality Toolkit
(MRTK) for Unity.
In view of on-site testing and validation in the Encore pilot, the technology has been preliminarily
tested in the laboratories of the DICEA Department in Univpm. More specifically, the following
functionalities have been tested by means of the test case reported in section 5.1:
• use of the upload REST API to set up the list of candidate studies in ODAVS;
• creation of the gltf files, as converted from ifc standard;
• positioning of tags and alignment of holograms by means of the expert App;
• on-site display of holograms and experience of the Hololens App and creation of the feedback
in the form of audio files;
• architect’s login into ODAVS and retrieval of the feedback created by the expert through the
architect Web App.
The major limitation of this pilot is that cooperation is net performed remotely, because ODAVS is
accessed within the local network. However, the asynchronous work flow presented in section 2.2 is
challenged in a realistic way.
Both the expert GUI and the architect GUI involve integration with the other services running on
ENCORE that manage users, projects and metadata associated with renovation options and they will
be the object of the integration research work.
However, their main functionalities have already been designed as described in Sections ”4.3.1 Login
and Scene Setup” to perform an access to the ODAVS app and to associate an assessment task list to
a user and, in Section “4.3.3 Site experience and assessment”, to provide a rating feedback back to
the ENCORE platform.
The expert GUI has been implemented on a demo app running on HoloLens, while the architect GUI
has been implemented as a web app inside a container running on a Linux server. Both were developed at the DICEA Department of Università Politecnica delle Marche. Both GUIs have been tested
by means of a case-study example.
In order to load a model into the mixed reality wearable device, the IFC files of the renovation options
must be converted into a GLTF 2.0 file by a converter that has been developed in C# language under
Visual Studio 2019. The RESTful API for uploading IFC files onto the ODAVS app has been developed in Python using the Django Rest Framework library. The API allows to invoke the converter
and keeps track of the transformation tasks required by the user and is deployed inside a Linux container running on a Windows Virtual Machine.
The converter extracts geometric information as meshes triangulation from IFC files and parses the
geometry into GLTF 2.0 binary format (GLB files) by means of the free open-source libraries provided by Khronos Group Inc. Textures are not present in IFC files, therefore they cannot be directly
included in the GLTF files.
However, a subsequent editing of the GLTF files could enrich the GLTF model also with textures.
Object GUIDs are used as unique names of the GLTF objects in order to preserve the link to the
original IFC objects.
The ODAVS app has been developed in C# with Visual Studio 2019 Version 16.7.3 under Unity
2019.4.9f1 environment, built for x86 and deployed remotely in Microsoft HoloLens via Device Portal. The app implements the following functionalities:
• Import of GLTF files;
• Virtual menu (3D holographic with selection of buttons via gestures) for user interaction;
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• Hide/show control for group of components (envelope, furniture, systems);
• Transparency control for ceiling (easily applicable also to other groups of components);
• Interactive manual alignment via gestures;
• Placement of anchor points for attaching the model to the real space.
More details on the ODAVS app can be found in the README file within the GitLab repository
hosting it.
The architect web GUI has been developed in Python, using the Django Framework, and is deployed
inside a Linux container running on a Linux HP Proliant server machine.
All the source codes and documentations of the implemented ODAVS app have been hosted on
GitLab, a popular hosting service for projects and using the GIT protocol for version control of the
source files. The ODAVS system is hosted in three different repositories, each of them targeting a
specific component of the overall system. GitLab supports the distributed and collaborative development of software projects and allows to easily share code among stakeholders (developers, partners
and project reviewers). The use of this software is allowed under the conditions established in the
Encore Consortium Agreement (CA), version 4.0, 11-12-2018.
In order to access the repository, it is required to:
• Create an account on GitLab (https://gitlab.com/users/sign_up);
• Send a request via email to univpm.dicea.bc@gmail.com by specifying the registered GitLab
username and the repositories of interest;
• Wait for an e-mail invitation and accept it;
• Access the repository url.
The repository already available on GitLab that can be accessed via the “encorebim.eu” group is:
1. ODAVS Hololens app (https://gitlab.com/univpm.dicea.bc/odavs): it is the main app allowing the on-site expert to load renovation options, to align them to the reality and to assess
them. The current release includes an example model for testing purposes, together with instructions for developers and users.
2. ODAVS web app (https://gitlab.com/univpm.dicea.bc/ifc_to_gltf): is the web application
to be installed on a server reachable to the Hololens device through the Internet or a LAN.
The web application includes a web service with a Restful API waiting for requests coming
from other components of the Encore portal. Besides the web service, there is a web GUI
supporting the administrator in the configuration of the web service and the architect in
assigning the assessment tasks and receiving the feedbacks from the experts on site.
3. IFC to GLTF converter (https://gitlab.com/univpm.dicea.bc/ifctransform): it contains
the application code responsible for actually converting an IFC file onto a GLTF and JSON
file. It is invoked by the ODAVS web app.

5.1
5.1.1

RESULTS OF TESTS
The test case study

A candidate study relative to a renovation project concerning two adjacent rooms of the DICEA Department at Univpm has been developed using the BIM authoring software tool Autodesk Revit TM,
release 2021 (Figures 15 and 16). The resulting model has been exported using the standard ifc2x3,
in order to simulate what the architect is expected to provide as input. As compared with the current
status, the renovation works implemented in the candidate studies include:
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•

installation of a new partition that will reduce the size of the two existing rooms but will create
a new shared entrance room leading towards the two office rooms;
• installation of a new air supply system in the ceiling and corresponding air inlets.
The technology for the new partition was supposed to be made of prefabricated plastic panels lined
in wood and supported by a metal frame. The air supply system will require the integration of a new
air inlet and a new air outlet in the ceiling panel per each rooms, besides one flow and one return air
conducts connected with an external cooling and ventilation unit (to be placed in the floor at the level
above).
This test case was deemed meaningful to test most of the capabilities of ODAVS. One example is the
opportunity to check whether spatial conflicts is generated between existing components in the rooms
and the new ones, e.g. the new partition may interfere with switches integrated in the current walls of
the rooms and the new air inlets/outlets may generate conflicts with light appliances placed on the
ceiling. Another example is the possibility of selecting some specific components and displaying nongeometric information. Also, sets of components can be filtered and hidden in case this action enhances the assessment in charge of the expert. Finally, the virtual menu includes the option of generating and enclosing as many audio files as needed to label even just portions of the renovated scenario
and to advise the architect.

Figure 13: 3D view of the case study about renovations works.

Figure 14: Plan view of the case study of renovation works. Red squares on the left side
represents the positions of the NFC tags.
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5.1.2

Experimental results

The architect in charge of designing a renovation option, uses BRM/BREA platform integrated in
ENCORE for uploading candidate studies in ODAVS server thanks to the ODAVS Rest API. However, a user can manage ODAVS data also by using the administrator Web GUI. Figure 17 shows
backend information associated to a candidate study stored in ODAVS service that the administrator
sees when logging in to the administrator Web GUI. He verifies that the IFC file has been loaded
(eventually he can also download it for checking) and that the conversion process have been done
successfully since both the GLTF and the JSON files associated to the IFC are linked to the selected
study.

Figure 15: Available candidate studies, here denoted as solutions, associated to the available projects (left side), and corresponding data associated to the one used as test case study
(right side).

Once the expert is notified that an assessment is needed, she/he reads tags coordinates in the IFC
model and annotates their locations. Then, the expert goes on-site, installs the tags in the specified
positions, wear and turn on the Hololens and runs the ODAVS app as shown in Figure 18.
Then he/she makes an air tap on button “Load Model” from the Main menu and gets a list of projects;
he/she selects Project named “UnivPM” and study named “Scenario_di_Progetto” (Figure 19). Now
the scene is set-up and ready to be aligned and the Assessment menu appear. The expert opens up the
phone web app and scroll phone on the wall around the position where the NFC tag is expected to be
placed. When the app shows the image target, he/she looks to the phone and the MR app localizes the
tag and highlights its position by a blue transparent box around it (Figure 20). Then he/she taps on
the phone screen and repeat the scanning for the other tag that allows the MR app to show the model
aligned with the reality (Figure 21). As the expert is satisfied of the alignment, she/he proceeds with
the assessment by using the Assessment menu.
It is now possible to check what components of the existing environment are kept unvaried (e.g. side
walls and floor) and what components will be installed or replaced.
The expert starts to check the new partition that must be built and the position of the new doors
(Figure 22): he/she checks size and position of one of the new doors, selects it, check the name of the
IFC object and records an audio file as feedback for the designer.
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Figure 16: App for remote streaming of the observer’s first-person view. The main HoloLens menu is shown in front of the observer and the ODAVS app icon on the bottom left
side is ready to be launched.

Then he/she decides to hide the countertop for assessing the new ventilation system installed on top.
Looking at the virtual menu he/she makes an air tap on the “Others” button (Figure 23): as shown in
Figure 24, the pipes of the ventilation system are now visible over the countertop, and they can be
inspected and annotated even if they are quite far from the observer. While wandering in the room,
he/she notices that there is a visible geometric interference between an existing lighting appliance
and a new air inlet (Figure 25). Then he decides to record a voice comment attached to it in order to
notify the architect for the interference that must be resolved (Figure 26).
The assessment made by the expert is available for the architect (Figure 27), who may find several
comments associated to a candidate study, labelled through the object Id. This information will help
architects to select the appointed study among the available ones.

Figure 17: Projects menu (left side) and Study menu (right side) appearing consecutively
when setting up the scene.
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Figure 20: First person view of mobile device reading an NFC tag on a partition wall while
aligning the model.

Figure 21: First person view of the result of the alignment: the real objects can be seen in
transparency overlapped to the holograms.
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Figure 18: The expert checks size and position of the new doors in the new entrance space,
selects the door, checks the name of the IFC object and records an audio file as feedback
for the designer.

Figure 19: The expert uses the virtual menu to make the ceiling transparent (left side picture), thus unveiling the new (virtual) air distribution sub-system to be placed above (left
side picture)
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Figure 20: The expert uses the virtual menu to make the ceiling transparent (left side picture), thus unveiling the new (virtual) air distribution sub-system to be placed above (left
side picture)

Figure 21: Zoomed view of the distribution system of an air supply system unveiled above
the ceiling of the room to be renovated. A geometric interference is visible between the existing lighting appliance and the air inlet
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Figure 22: Selection of a component, display of its name and voice annotation for notifying
the interference.

Figure 23: Example of opening of an audio file from the architect Web app.
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6.

CONCLUSIONS

Deliverable D3.2 “Full On-site Design Analysis and Verification Services (ODAVS) Prototype” describes the development and laboratory testing of the full prototype of ODAVS. In particular, it describes the full ODAVS functionalities and the tools (i.e. API, Apps and GUIs) developed and integrated, including the customized applications for the mixed reality headset Microsoft HoloLens, that
allows an expert to perform on-site assessment tasks as required by the ODAVS concept and architecture.
This deliverable reports how the team has taken into account inputs from previous deliverables and
meetings with the rest of the consortium to work out specific requirements applicable to ODAVS.
This led to the definition of the workflow that involves ODAVS, the definition of its concept and
final architecture. Then, the application of ODAVS has been described by means of a storyboard. The
development of the services has been detailed in Section 4, while Section 5 shows laboratory tests on
the full prototype of ODAVS for a demonstrator consisting in the renovation of a case study office
building. Also, the development progress is being managed by means of GitLab. The tested prototype
totally resembles the version that will be validated in the Encore pilot.
According to the outcomes from this Deliverable, all the functionalities of the Odavs full prototype
have been successfully tested in a laboratory environment. Even the workflow valid in a real professional working environment has been defined as connected with other services of the Encore platform
and is ready for final testing.
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