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Abstract The quality of information flow management
has a remarkable effect on the entire life cycle of buildings.
Manual retrieval of technical specifications and features of
building components and their performance assessment
leads to increased cost and time and efficiency reduction,
especially during the facility management (FM) stage. The
introduction of building information modeling (BIM) in
the construction industry can provide a valuable means of
improving the organization and exchange of information.
BIM tools integrate multiple levels of information within a
single digital model of a building. Nevertheless, the
support given by BIM to FM is far from being fully
effective. Technicians can benefit from real-time commu-
nication with the data repository whenever the need for
gathering contextual information and/or updating any data
in the digital model arises. The framework proposed in this
study aims to develop a system that supports on-site
operations. Information requirements have been deter-
mined from the analyses of procedures that are usually
implemented in the building life cycle. These studies set
the standard for the development of a digital model of a
building, which will be shared among various actors in
charge of FM and accessed via a cloud platform. More-
over, mixed reality is proposed to support specific
information that is relevant to geometric features and
procedures to be followed by operators. This article
presents three use-cases supported by the proposed
framework. In addition, this research article describes
the first proof of concept regarding real-time support for
FM.
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1 Introduction

The facility management (FM) stage is the longest phase of
the entire life cycle of buildings and incurs the highest
amount of expenses (Lee et al., 2012; Pishdad-Bozorgi
et al., 2018). This stage addresses many issues affecting
building management. The majority of these issues are
caused by fragmentation, which hinders the smooth
information flow among various actors in the construction
industry (Becker et al., 2018). Hence, the management of
information flow itself is a critical challenge (Lee et al.,
2012). For example, the retrieval of specific information
required for maintenance operations within a building is a
time- and cost-consuming process for all stakeholders
(Gallaher et al., 2004; Keady, 2013). Parties that use the
provided information must, at best, pay to have the data
keyed into the relevant data systems. At worst, facility
maintenance contractors are paid to survey an existing
building to capture the as-built status. In these cases,
building owners pay twice: Once for the construction
contractor to complete the documents at the end of
construction and again for the maintenance contractor
survey (East and Brodt, 2007). Moreover, in most cases,
the procedures for handling the information flow require
the handover of paper documents and lead to errors,
delays, and ultimately higher costs (East and Brodt, 2007,
East et al., 2013).

Information from previous stages is often insufficient to
ensure the correct implementation of maintenance opera-
tions in the FM stage (Becerik-Gerber et al., 2012a).
Information, such as manuals, technical specifications, and
renovations, is difficult to collect, whereas information,
such as operational and asset management, is usually
missing (East and Brodt, 2007).
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To date, digital transition in the construction industry
provides an excellent opportunity to enhance the efficiency
of information flow and FM. The automation of processes
can be the correct path toward improving efficiency. The
support of machines to human tasks has made saving time
and avoiding errors possible. However, the intended
automation in this study is not achieved by eliminating
human intervention but rather by supporting it with tailor-
made applications for the automation of processes.

Digital transformation has its own cost. First, building
information modeling (BIM), which has been increasingly
adopted in the architecture, engineering, and construction
(AEC) industry, can improve efficiency. BIM models
should also act as unique repositories of building
information. However, the modeling process requires
effort, especially for existing buildings, whose design
drawings need to be translated into their BIM versions.
Second, to move toward a digital work environment,
digital formalization of procedures is recommended. When
this transition involves the retrieval of process information,
procedures become complex because they may refer to
several teams and skill sets. Finally, the digital workflow
integration represents another cost of this transition.

Fragmentation in the construction industry is a well-
known issue. Given that multiple stakeholders are involved
in a building’s life cycle from the design to its manage-
ment, interoperability is a crucial aspect. Thus, interoper-
ability must be considered not only among different
stakeholders but also among different input formats. In
addition to data exchange, information flow occurring in
real time during interventions must also be considered
especially when managing emergencies. Interoperability
between different input formats and real-time information
flow represents important goals, and the digital availability
of multidisciplinary skills can significantly improve the
actual performance. Cloud platforms can meet these needs
and provide a virtual place that users may adopt as a data
repository. Data can be uploaded in real time and
continually enriched with several types of information.
Accordingly, mixed reality (MR) can be used to manage
real-time information well. The MR capability of over-
laying the virtual and real world represents a powerful tool
for the direct visualization of on-site information and then
overlaying it on the object undergoing maintenance work.

The study starts with an in-depth analysis of issues and
related needs in the maintenance sector. Assisted diag-
noses, automatic detection of components, automatic
surveys for the collection of information, and remote
support for troubleshooting are scenarios offering excellent
opportunities for improvement. The automation of proce-
dures will trigger efficiency and productivity improve-
ments. For each of the aforementioned processes, the
appropriate on-site management of information is neces-
sary for the correct execution of procedures.

This study aims to demonstrate the feasibility of a

management system for information flow using all the
aforementioned technologies, which have already been
tested individually in the construction industry. However,
to the best of the authors’ knowledge, the combined use of
such technologies has not been investigated. The technol-
ogies will allow the interaction between real- and digital-
world users. Certain types of technology integration have
already been tested in the construction industry but for
different purposes. Studies have been carried out to display
on-site drawings with holograms rather than through paper
or digital supports (Chalhoub and Ayer, 2018). Moreover,
the application of holograms is often tested in the
construction phase of the building life cycle (Wang et al.,
2004). This study focuses on the FM phase, and its
innovation lies in the combination of the following factors:

(1) The use of BIM.

(2) The use of MR, which represents a powerful tool for
connecting digital information with the real world. Due to
recent advancements, MR can be used on-site without the
need for sensor-equipped buildings and provide operators
with the possibility of benefitting from digitized informa-
tion.

(3) The use of a cloud platform, which can be taken as a
tool to have constant access to data and as a link between
digitized information and collected on-site data.

Moreover, this study aims to define the procedures for
three use-cases toward efficient interventions in FM. The
first use-case refers to building surveying. The second use-
case is considered an efficient support system to building
diagnosis. The third one is intended to support on-site
operations via a preliminary assessment of on-site
information retrieval by means of MR in a maintenance
scenario.

2 Literature review
2.1 Information management

Information generation and management are serious
challenges in the construction and FM stages in the
construction industry (East and Brodt, 2007; Lee et al.,
2012). The generation of information can be understood
easily because it starts from the design phase of the project
and is involved in each type of data collection even in the
following phases of the life cycle. However, information
management is complex. It includes information avail-
ability (discussed in detail later in this part), which can
exist only in conjunction with the development of
information systems. Information management defines all
processes regarding information (acquisition, storage,
retrieval, processing, interpretation, communication, and
use), which must be performed in a timely and continuous
manner to be efficient (Chen and Lu, 2019).

In this study, the word “information” refers to data that
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have been processed, interpreted, and sorted to obtain a
specific meaning. For instance, when an operator submits a
query in a database, he/she is collecting information. The
word “data” refers to raw data that have not been
processed, and the Cambridge dictionary defines data as
collected information for use. In managing information
flow, the properties of data must be taken into account.
According to Wand and Wang (1996), these properties can
be defined as follows: Accuracy and correctness, time-
liness and currentness, and completeness and consistency.
However, Daft and Lengel (1986) report that organizations
usually process information to reduce uncertainty and
resolve ambiguity. These two features refer to accuracy
and correctness and completeness and consistency. In
maintenance operations, compliance with these aspects is
unclear because of the large amount of information
required. Information is varied and requires the resolution
of uncertainty and even ambiguity. To this end, knowledge
on various types of information, such as maintenance
records, work orders, and causes and knock-on effects of
failures, from different members of construction teams is
required for the decisions of facility managers. The
increased fragmentation in the production and manage-
ment of information leads to considerable difficulties in the
correct transmission of data.

Furthermore, other aspects that must be considered
along with the information required for intervention are the
completeness and timeliness of data for the relevant parties
(Chen and Lu, 2019). In this study, the completeness and
timeliness of data are defined as “availability”. Another
key challenge in the operation and maintenance stage is the
need for sufficient information on products readily
available (e.g., specifications, previous maintenance
work, specialist professionals recommended for the
work) (Motawa and Almarshad, 2013). Moreover, one
key issue about maintenance information is the know-how
created from operations, such as lessons learned from the
causes of failure, reasons for selecting specific main-
tenance methods, selection of specialist contractors, and
the ripple effects on other building elements (Motawa and
Almarshad, 2013). This knowledge produces the funda-
mental know-how for training new personnel; hence, it
should be properly retrieved.

2.2 BIM for operation and maintenance

The FM stage of a building is the main contributor of costs
in a building’s life cycle. Many studies agree that the life
cycle cost is five to seven times higher than the initial
investment costs and three times more than the construc-
tion cost (Kelly et al., 2013). Therefore, FM is crucial for
identifying increasingly efficient methods used in the
management of the building life cycle.

At the same time, BIM has become the new international
benchmark for improved efficiency and collaboration in

the different stages of the building life cycle (Ibrahim et al.,
2017). Despite this recognition, certain studies continue to
focus on the contribution of BIM in the operation phase of
buildings. Furthermore, studies on several information
areas have not been performed (Ding et al., 2014). The
literature shows consistent findings on the benefits that
BIM may offer to FM. These benefits stem mainly from:

e Improving the current manual process for information
handover;

e Enhancing data accuracy;

e Increasing efficiency in work execution.

These remarks are derived from the precise localization
of elements, which the BIM model provides, and the
potential to enrich the digital models of buildings (Kelly
et al., 2013). Spatial information required in emergency
management proves the importance of BIM application.
Organized data displayed logically are essential during an
emergency to respond with appropriate actions. A link
between the BIM model and FM databases can help in the
detection and diagnosis of construction equipment on the
basis of the information required (Ibrahim et al., 2017).
Effective and immediate access to information during
operations minimizes the effort required and helps avoid
potentially ineffective decisions made in the absence of
information (Ergen et al., 2007).

2.3 Cloud-based systems for information management

Several studies have focused on cloud applications in the
construction industry because of their ability to support
projects in sharing documents and information. Although
BIM tools support the enhanced management of informa-
tion, the increases in the amount of data, exchange, and
sharing of addresses present a series of challenges (Zhang
et al., 2014). Furthermore, the format of industry
foundation classes (IFC) cannot store and transport
information over several stages of the construction process.
Therefore, developing a “cloud BIM information exchange
mechanism” that allows users to query only the required
information in the field of building maintenance is
necessary (Redmond et al., 2012).

Chuang et al. (2011) used cloud computing to develop a
visual system for viewing and manipulating BIM via the
web with no time or distance limits. A main advantage of
cloud computing is its ability to support information
exchange in real time (Miller, 2008; Zhang et al., 2014).

2.4 MR for operation and maintenance

Although the FM stage of construction predominantly
affects the costs in the life cycle of buildings, little
consideration is offered to the improvement and “free
thinking”, namely, the search for new methods and
procedures, in the delivery of services for building
maintenance (Royal Institution of Chartered Surveyors
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(RICS), 2009), probably because building maintenance
and FM are seen as noncore functions that merely provide
supporting services in organizations (Waheed and Fernie,
2009). The latest technological applications are being
tested in combination with other sectors of the construction
industry. In this regard, MR is a type of innovative
technology.

By definition, any environment incorporating the
aspects of physical and computer-generated realities that
overlap with virtual objects over a user’s field of view of a
real space is MR. MR is initially tested for on-site operator
support, operator training, and on-site access to informa-
tion about equipment management. This technology can
improve users’ perception of the real environment by
showing information that users cannot directly acquire
otherwise (Wang et al., 2004).

This study focuses on the integration of the BIM virtual
model and the real environment and operators and the
testing of the MR approach in three new scenarios, that is,
inventory/survey support, diagnosis, and remote support to
operations.

3 Issues and needs in the FM phase

FM involves multidisciplinary activities; consequently, it
poses extensive information requirements (Ibrahim et al.,
2017). The most important preconditions suggested in the
literature include maintenance work, assisted document/
information retrieval, component localization, automated
support for procedural management, personnel training,
and automated identification and modeling of compo-
nents—all of which are fields of particular interest.
Assisted document and information retrieval is based on
the use of BIM software tools. The digital model, apart
from containing different types of information, can be
supported by cloud-based data storage systems for any
procedure or extended information that cannot be included
in the model itself (RICS, 2009; Volk et al., 2014; Scherer
and Katranuschkov, 2017).

The literature presents that the information needed in
FM depends largely on the type of facilities and operations
to be carried out. Hamledari et al. (2018) outlined the
details associated with the inspection process, including
the person/head of the organization, defects, as-built type,
as-designed type, data capture tools, time/date of the
inspection, inspector’s notes, and the images captured.
Pishdad-Bozorgi et al. (2018) performed a detailed
analysis of the identified on-site components by using
OmniClass classification and integrated it with field data in
a COBie (Construction Operations Building information
exchange) worksheet.

A further requirement for information involves compo-
nent localization. On-site maintenance personnel tradition-
ally relies on paper-based blueprints or on their experience,

intuition, and judgment in finding and locating equipment.
However, the as-built digital model can be useful despite
the clear visualization provided by the 3D model
(Krukowski and Arsenijevic, 2010; Ibrahim et al., 2017).

Another crucial type of information involves the
procedures that must be followed, for example, the type
of maintenance and repair work that must be performed,
when it must be done, how it can be safely undertaken, and
which one takes precedence (RICS, 2009). These informa-
tion requirements are currently provided in personnel
training, which is managed mainly through presentations,
on-site visits, hands-on demonstrations, and self-study.
However, such requirements are time-consuming and their
results depend largely on the skills and experience of
trainers (Ibrahim et al., 2017). This practice will certainly
benefit from organized information management and
advanced visualization and support tools (Oesau et al.,
2014; Quintana et al., 2017).

Finally, the final geometry of buildings often differs
from the original plans. Thus, the reconstruction of a
precise 3D model is a common requirement. Efforts in
automated modeling have focused on the segmentation and
recognition of large structural components, often on
external rather than internal components. In addition, the
majority of studies have focused on capturing geometric
data rather than other semantic representations of buildings
(Brilakis et al., 2010; Tang et al., 2010; Adan et al., 2011;
Klein et al., 2012; Mill et al., 2013; Ma and Sacks, 2016;
Lu et al., 2018). Specifications about assets, for instance,
can be beneficial to further operations. To this end,
Quintana et al. (2017) developed an early example of a
recognition system for small components. In recent years,
with the worldwide adoption of the BIM methodology,
additional studies have increasingly focused on the
semantic enrichment of BIM models (Bloch and Sacks,
2018; Xue et al., 2018). Nevertheless, minimal achieve-
ments have been reported on reduced modeling and
conversion efforts into BIM objects with a high semantic
value from construction data (Oesau et al., 2014; Previtali
et al., 2014).

4 Proposed method and system architec-
ture

The analysis of FM issues and needs identifies many
challenges encountered in the construction industry. The
architecture depicted in Fig. 1 shows the various
components for managing information in different ways.

The first one is represented by the BIM model contain-
ing the necessary information to support operations,
including the geometric building model and database.
The complete definition of information required in the
BIM model is not covered in this study because of its
dependence on the specific use of the model within the FM
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Fig. 1 System architecture of the three different places of action, namely, back office, cloud-based platform, and on-site. The arrows
represent the flow of information, whereas the dashed lines show the transfer points toward the cloud-based platform. The back office and
on-site sides of the system share data with the cloud-based platform, which is designated as the sole repository.

phase. This topic has been continuously studied. Motawa
and Almarshad (2013) defined a methodology for knowl-
edge management and developed a case-based reasoning
system to provide technicians with information related to
the BIM object. Chang and Tsai (2013) suggested treating
maintenance records as medical records especially in
systematization and verification. Finally, Becerik-Gerber
et al. (2012a) conducted surveys and interviews to outline
all the needs of a BIM model supporting FM. This
information, once translated into a BIM model of the
building, is then imported into the MR development
platform (Unity) to set up the on-site application that will
run on the HoloLens.

Furthermore, a cloud database has been indicated as the
correct tool for managing large amounts of data (Phan
et al., 2014). Cloud databases allow the enrichment of
building models with information in formats differing from
those of the IFC. Given that all the maintenance
information must be on-site and constantly updated and
managed in real time, online management through the
cloud database is important.

The last tool is the on-site MR application. This tool
requires the development of interfaces between the two
previous methods (i.e., BIM and cloud) and virtual data.
These data must be able to flow from the office to on-site
operations and vice versa. Therefore, the interfaces
between MR and data collection systems should allow
the necessary information to be displayed on-site and
record and transmit information. This interface is devel-
oped using the software Unity (Fig. 2), which allows the
creation of holograms placed in the real world while
adding procedures to them (Ammari and Hammad, 2014;
Chalhoub and Ayer, 2018; Silva et al. 2018). The operator
can enter new data or change existing data through specific
procedures by updating the BIM model of the building.

All of these components can be grouped into three
different locations, namely, those carried out at the back

Scene

Hierarchy

Inspector

‘ Project console

Selected door

Selected door
component (hologram)

Fig. 2 Unity environment for the creation of the interface
executed in HoloLens.

office level, the cloud-based platform level for big data
management, and the on-site level (Fig. 1). The back office
is where all documents (BIM model and data sheet) are
collected and examined to provide support to on-site
operators. The cloud-based platform is where the BIM
model updates and all information, such as the BIM
database and procedures, are shared. The on-site equip-
ment provides technicians with the MR perspective and the
interfaces that allow information transfer.

4.1 Cloud-based system—BIM server

Although the AEC industry is information-dependent,
communication remains mainly paper-based (Das et al.,
2014). Thus, information retrieval is remarkably difficult
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and often confined to the physical location of documents
and therefore discourages sharing. The key benefit of cloud
platforms is their accessibility from any location. Hence,
each FM participant is granted access to all information
from any location. Using the same platform means having
a sole virtual space where data can be shared.

The choice of using a cloud-based platform to support
data flows also depends on the need to have a schema
allowing fast and efficient queries among the data input
from different technologies or with different purposes.
Besides, as some researchers have shown, IFC is an
unsuitable choice for real-time applications (Becerik-
Gerber et al., 2012b). The cloud-based platform chosen
in our application is the BIM server. Such platform can
carry out all the operations described above and facilitate
the interoperability between different platforms. The BIM
server platform can run queries and even allows files to be
attached from a variety of sources.

To select the necessary information for the inclusion of
FM in a cloud system, two aspects must be considered,
namely, a specific in-depth analysis of the components
containing all of technical information necessary for the
interventions and the procedures that relevant personnel
must follow to complete the operations.

4.2 Information flow management

In the essential FM tasks, information flow considers not
only single pieces of information but also refers to
knowledge packages required to perform operations.
Current practices can barely capture and reuse knowledge.
These difficulties in the capture—retrieval-reuse phase are
likely due to fragmentation in the construction process
(Park et al., 2013; Ammari and Hammad, 2014).

The system proposed in this study attempts to solve this
challenge by means of continuous information flowing
through the different components of the system. The cloud
platform is the repository where the data converge from
different sources. Hence, a two-way flow exists from the
back office, that is, from the documents providing the
information basis for those performing operations and
passing through the cloud. Conversely, on-site operators
update the data being transferred through the cloud and
back to the office. The interfaces between the different
systems guarantee interoperability and allow the different
actors in the processes to work together.

The final information flow will move in both directions
from the office to the site and vice versa, resulting in the
continuous exchange of information, the availability of
continuously updated documents, and a complete over-
view of the asset status.

4.3 On-site development and testing

The development of the on-site section of the proposed
system is carried out with the support of MR. The MR

functions provided by a head-mounted display (HMD)
allows us to see through a screen, which displays 3D
objects on top of existing physical surfaces (Chalhoub and
Ayer, 2018). These functions are realized through auto-
mated localization performed by the tool even without the
use of markers. The holograms superimposed on reality are
instead provided by the elements modeled in the Unity
Game Engine. Starting from the BIM model, a file can be
exported in the “.fbx” format, which is supported by Unity.
Once all the objects are uploaded in Unity, controls can be
added to them. Finally, applications can be developed to
project holograms on the HMD. The Unity application
allows MR to enable the interaction between maintenance
personnel with the building and with virtual building
objects. Thus, MR is driven toward a specific goal to
promote its widespread use (Du et al., 2018). This
interaction also makes capturing real-time data possible
(e.g., update maintenance operation results), which in turn,
allows the model to be constantly updated, resulting in a
permanently updated version of the digital building.

After the development of this system, the solution is
expected to go through a test phase to verify the proposed
method. The aforementioned analysis of the current
methods adopted in the maintenance sector has focused
on certain critical issues, which have only been resolved
partially to date. Starting with the use of the three different
methods, the system is tested for information flow
management and on-site support. Preliminary tests have
been performed in a predefined environment allowing us to
test the reliability of the system, which is the basis for
calibration and verification of the main functions. At a later
stage, additional tests will be performed in the real world
and in new environments.

4.3.1 Automatic inventory/survey support

The creation of BIM building models, especially in large
structures, is time-consuming and expensive. In the case of
existing buildings, a large amount of varied information
essential for FM must be collected. This collection of
information is challenging because as-built documents
usually do not exist or are unreliable. In addition, certain
information is difficult or impossible to source (Oesau
et al., 2014; Scherer and Katranuschkov, 2017). These
issues refer to the availability of data, which is a well-
known problem especially in existing buildings (Yang and
Ergan, 2017). In recent years, additional studies on fast and
efficient survey techniques have been carried out (Quin-
tana et al., 2017). These applications often do not allow the
automatic transfer of data to the BIM model (Previtali
etal., 2014) because captured data are unrelated to the BIM
objects and cannot even be translated into IFCs.

Hence, the first application tested is for automated data
acquisition forming the basis of the entire information flow
(Fig. 3). In this initial case, the on-site operator sends data
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Geometric data
Maintenance data

Maintenance operator

Fig. 3

about the geometric features and building components to
the BIM database in the cloud-based platform. The back-
office BIM model can be updated with these data. The
collection of point clouds or generic surfaces involves the
time-consuming analysis of data interpretation. The
innovative contribution of this research survey is to work
specifically with IFC objects and their features by
attempting to minimize the post-processing work. The
proposed procedure intends not only to perform building
surveys rapidly but also to assist in resolving the
information availability issue.

Therefore, an in-depth analysis of the relevant attributes
of the objects being serviced is carried out. The support
provided in this case by the MR tools lies in the possibility
of automatically detecting on-site information and the
ability to transmit it to the online database in real time.

4.3.2 Diagnosis support

The second task in which this system can benefit is
diagnosis (Fig. 4). The BIM model is first used to develop
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the MR application, and any information not contained in
the BIM model or considered too cumbersome to be
uploaded through an application is then sourced directly
from the cloud-based platform into the HoloLens. The
accurate and instant localization of the objects flagged for
maintenance work requires considerable effort and may
introduce an increased potential for errors in the case of
complex buildings. The use of the MR display viewer
avoids having to rely on paper documents, lowers the
likelihood of introducing errors, and helps to locate objects
and provide all necessary geometric information.
Moreover, the MR capability of overlaying virtual
reality on real objects allows maintenance personnel to
display hidden attributes and components (e.g., steel in
concrete or cable pathways in walls or under the floor).
In addition to geometric data, technical specifications
and descriptions of components must also be updated and
stored after maintenance work has been completed
successfully. Diagnosis can also benefit significantly
from the on-site visualization of causes and analysis of
defects. Relevant ontologies in the literature can be linked

ON-SITE

: Interaction :
. interface :

ll

Object under
maintenance

Fig. 4 Diagnosis of the support information flow.
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to the BIM objects and displayed on-site.

All of the aforementioned data originates from BIM and
cloud databases and can subsequently be visualized
directly on-site using the HMD.

4.3.3 On-site operation support

The final scenario is that of on-site operations support from
the back office (Fig. 5). This scenario, such as in an
emergency, is similar to the diagnosis support during
critical operations, such that the maintenance operator can
consult a back-office expert in real time and also share his/
her view. Consequently, the information exchange in this
case is bidirectional and shown by the red arrow. In the
case of standard operations, procedures can be shown
through the on-site MR. This process initially involves the
careful collection of procedures currently in force. This
information is part of the background that must be included
in the database. The opportunity to consult the standard
procedures using this on-site method will not only reduce
errors but also shorten the training time for new personnel.

However, reducing maintenance operations to a standard
procedure displayed as a property object is sometimes
impossible. For instance, in the event of an emergency, a
standard procedure is not always available. Such circum-
stances can be resolved by real-time decision support.
Consultation with experienced personnel from a remote
location can be decisive, and the powerful visualization
capabilities of the digital viewer will allow the sharing of
information and images in real time. Sometimes, not all of
the required information can be displayed automatically as
this scenario will require a large volume of data to be
handled on-site.

In this case, remote support can be of great benefit due to
its efficiency (e.g., showing which items are out of
production or in stock). It facilitates the handling of a
wide variety of data that may be required by combining the
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selection of on-site information from the BIM cloud
database and the real-time support of an expert back-office
technician.

5 On-site display of technical information

The first test carried out shows the relevant information of
any component subjected to an on-site maintenance
intervention. The MR HMD provides holograms, which
are superimposed onto the real world. Thus, on-site
operators can rely on MR tools rather than paper
documents. In this experiment, virtual reality is overlaid
on the real world and only the components whose
holograms are displayed represent those requiring main-
tenance based on an order, which may have been sent by
the back office. The on-site display of information leads to
the reduction of errors and is a valuable tool for training
new personnel in understanding operations and proce-
dures. Accordingly, the visualization provided also enables
the hands-free operation of technicians and the improve-
ment of their efficiency.

When a user calls to report a fault in the building, the
company in charge of building FM can rely on the system
components, as shown in Fig. 6. A building occupant can
access a web service linked to the BIM model and report
the faulty component. The BIM model is connected to a
database containing all the non-IFC type of data, including
the procedures to be followed. The component that needs
checking is displayed to the on-site technician via the MR
tool.

Conversely, an off-site technician can provide external
maintenance and has access to the information about the
on-site object (Fig. 6). As a result of the user calling the
FM company, the information flow follows the schema
explained in the main text according to the type of
intervention required. An on-site technician can use the

ON-SITE
=] o || ===
rereeranaans enne m:-ﬂ E ==
;Ipterac’uon : e || e
. interface : mn;‘a =
= = =]
o = | | o
Maintenance operator Emergency
management

Fig. 5 Remote support to operation information flow.
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Maintenance operator

CLOUD-BASED
PLATFORM

BIM model shared Data required

FM COMPANY

BACK
OFFICE

Off-site
for operations technician

ON-SITE

: Interaction :
. interface : |

MR display
of components

Fig. 6 On-site display of technical information.

information displayed by the holograms, and an off-site
technician can also access the same information and
provide advice when necessary.

5.1 Technology setup

To conduct the preliminary test, the MR environment must
be created. Different devices can be used to reproduce the
MR and holograms. However, the HoloLens chosen for
this specific test is an HMD device with a transparent
screen that places 3D virtual objects on top of existing
physical surfaces. The HoloLens can project an image
using infrared scanners to map the area and produce a
stable and markerless visualization of the model.

The selected device does not need to be physically
connected to a computer when in use. The MR environ-

(b)

ment has been developed with the use of a gaming platform
(Unity). The Revit model has been imported into the
gaming software, and the application to run the holograms
in HoloLens is developed in Unity.

5.2 Visualization environment and testing

The first test assumes that a door requires maintenance.
The Revit object is imported into Unity with the relevant
information for the maintenance operation. Then, the
application for HoloLens is created in Unity. Finally, the
spatial mapping feature of the MR device enables the
display of the hologram on top of the real object in the
room in question.

Figure 7(a) shows the on-site operator wearing the
HoloLens device. The hologram of the door requiring

Fig. 7 (a) On-site operator using HoloLens to display the hologram of the object for inspection; (b) hologram of the door requiring
maintenance with the relevant on-site information displayed; (c) door information displayed on the computer providing the off-site view.
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maintenance is displayed on-site (Fig. 7(b)). The door
information is displayed on the computer presenting the
view of the off-site technician in charge of providing
maintenance support (Fig. 7(c)).

6 Conclusions

This research project aims to provide support for the
management of information during the building life cycle.
The main innovation of this study lies in exploring the
advantages provided by the combined use of state-of-the-
art technologies and development of new procedures in
support of the three use-cases in the FM phase. This study
focuses on the possibility of combining three tools,
namely, the BIM methodology for information manage-
ment, a cloud-based system for managing information
flows, and MR allowing the continuous interaction among
operators, the digital model of the building, and informa-
tion flow. The new procedures are intended to exploit all
the advantages derived from these technologies and
achieve an improved level of efficiency. The current digital
transition in the construction industry is an excellent
opportunity and a source of expenses due to the rethinking
of all relevant processes.

The system proposed in this study also highlights a
different technique in addressing automated work. The
support given to operators lies predominantly in the man—
machine interaction, which allows the exploitation of both
benefits. Although digital tools help operators during their
work, they also have real-time control of the machine that
reduces the number of off-site interventions.
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