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Abstract: With the emerging technologies of the fourth
industrial revolution (4" IR), there are more possibilities
to enhance the facility management (FM). Despite the
increasing tendencies to integrate new technologies in the
process of FM, its potentials in enhancing the BIM-based
FM decision making process is not yet totally explored and
its application is facing many challenges that should be
considered. This paper aims to explore the benefits and
challenges of integrating the Internet of Things (1oT),
Virtual Reality (VR) and Augmented Reality (AR) in the
Facility Management (FM) process to enhance the decision
making; and to conclude a framework for integrating of
such technologies in the BIM-based FM Process. The
paper adopted a descriptive methodology through a
comprehensive literature and case-based review to achieve
its objectives. The conclusion shows that integrating the
10T, VR & AR in the FM process and handling its related
challenges from the early stages could greatly enhance and
support the FM team and the FM related parties in making
quick, accurate and effective decisions, saving energy &
cost and optimizing the use of resources.

Keywords: Fourth Industrial Revolution (4IR), Facility
management (FM), Operation and Maintenance (O&M),
Building information modeling (BIM), Internet of things
(1oT), Virtual Reality (VR), Augmented reality (AR).

I.  INTRODUCTION
A. The BIM-based Facility Management Process

Despite the spread of using BIM in the design and
construction stages, its use in the FM is still not yet well
invested, explored, nor clearly identified. With the increase of
complexity of building components and systems, the real
benefit of using BIM during the facility O&M phase is then
come to the surface. BIM is defined as the shared digital
representation of the physical and functional characteristics of
any compact object that represents a reliable basis for
decision-making [1] and improving the facility submission
process [2]. BIM contains building architecture, with a
structured database of non-graphical data that provides
information about building components [3], and simulates a
digitally accurate building model that contains accurate
information for building realization at various stages of the
project - design, purchase, manufacture, construction, and
even operation and maintenance activities [4].
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Various strains of BIM have been developed so far as
shown in figure 1: the simplest BIM is a three-dimensional 3D
model, which includes all semantic, engineering, and
topological information [5], and the 3D model can be
converted to 4D BIM by integrating time information
(construction schedule) into it. By combining cost data, 5D
BIM can also provide real-time construction cost analysis [6].
While the term 6D is used for sustainability and 7D for facility
management [7]. BIM can use the data to manage the building
life cycle and the physical assets involved in it.

bIM Dimensions

SUSTANABILITY

A
v

biM Services

Figure 1. BIM Services and dimensions (Source: [8])

Technology allows the enterprise owner and manager to
retrieve accurate information through the virtual facility
model. This helps the FM co-individual, who may not
normally be trained in graphics and project documentation [3].

BIM Life Cycle is the practice of creating, maintaining,
and using building information to manage operations and
maintenance of buildings throughout its operational life cycle
[9]. The Objective of BIM is to build a dynamic facility model
that can be applied throughout the entire project life cycle [10].
Facility Management (FM) is defined as a profession that
includes multiple disciplines to ensure the functions of the
built environment by integrating people, place, process and
technology. The most important objective of facility
management is to reduce operating costs, enhance energy
efficiency, support sustainability, and improve facility quality
[11]. As a result of capabilities, BIM is a powerful tool that
can support the achievement of these Objectives and make the
process more integrated and efficient [3].

The multidisciplinary nature of facility management
requires comprehensive information that is easily accessible
through BIM [12]. Therefore, by investing the energy analysis
capability in BIM applications, different energy models could
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be compared to identify the most efficient mode that can be
used to achieve energy savings for existing buildings and
reduce operational costs. BIM-FM integration could also
improve maintenance and reduce equipment failures
availability of wupdated equipment information and
maintenance data supporting predictive planning and
maintenance.[13].

BIM and integration of BIM management with facility
management tools or models can also provide faster and easier
analysis to make informed decisions [14]. Finally, building
information modeling is a revolutionary technology that has
truly transformed the design and construction industry. As
BIM-FM applications continue to develop, we can expect
further discussions on process changes in this area [15].

e Problem Statement: There are many problems facing the
building manager, including the waste of energy, with its
related high cost and the lack of maximum use of resources
to achieve the high efficiency of the building, which leads
to difficult decision-making. During site maintenance, the
facility manager sometimes needs to verbally describe the
condition of the site to another manager in the office or to
visit the site where the facility's information is stored. The
distance from the information storage location impedes the
retrieval of information. It is also difficult to find the
required information within an extensive database
containing a set of specializations, as this takes a long time.
In addition, it is difficult to match relevant information
with reality, as information is usually represented in a two-
dimensional space. So in conclusion, Despite the spread of
applying modern technologies in the design and
construction, its use in the BIM-based FM is still not yet
well invested and there are many Challenges facing the
FM manager, that could be facilitated and overcome by
taking advantage of such technologies.

e Obijectives: The main objective of the research paper: To
explore the capabilities, benefits and challenges of
integrating three of the 4" industrial revolution
technologies with the BIM-based FM process, namely the
Internet of Things (loT), Virtual Reality (VR) and
Augmented Reality (AR); and conclude a framework for
integrating such technologies in the BIM-based FM
Process to enhance the decision-making and well invest its
capabilities.

e Methodology: This paper will adopt a descriptive
methodology to achieve its objectives depending on the
authors’ experience and a literature-based analysis to
explore the capabilities and benefits of using selected
modern technologies (VR, AR & 10T) in the BIM-based
Facility Management (FM) and its related challenges
supported by case-studies to reach the target conclusions
and recommendations. The selection of references done in
phases started with identifying research resources and
engines .Initially the search was conducted in the Saudi
Digital Library (SDL) using the following search terms:
(Facilities Management FM), Building Information
Modeling BIM) provided that they are in the Abstract, and
the scope of the research was limited to the last ten years.
The total results were 158 results. Then we Abstract
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quickly reading to choose Some studies to analyze it. In the
next step, the trends and challenges mentioned by the
researchers in these studies were identified, We also used
some of the sources that were repeated in these studies. In
the third step, we surveyed recent trends related to the
fields of the Fourth Industrial Revolution To focus research
terms. Finally, We searched at (Google Scholar) using the
following search terms provided that of them were in the
title: (Facility Management and Internet of Things) We got
7 results. (Facility Management and Virtual Reality) we
got 6 results. (Facility Management and Augmented
Reality) got 30 results. We analyzed studies to explore
these trends, challenges and case studies.

II. TRENDS OF 4™ IR TECHNOLOGIES TO ENHANCE
BIM-BASED FM

The use of new technologies in facilities management
contributes in performance enhancement through optimizing
resource use, reducing energy and maintenance costs, and
visualizing information for the maintenance team. In the
context of this paper, and the review of the compiled literature,
it was concluded that the Internet of Things (loT), the Virtual
Reality (VR), and Augmented Reality (AR) are three of the
major trends that positively affect the performance and process
of Facility Management (FM). The following part is a
literature and case-based analysis of the three trends.

A. The Internet of Things (IOT) in FM

As the use of the 10T is linked to the initial investments of
the facility, the question of benefits arises when discussing this
issue. Computers must learn from new technology and interact
with their real environment. A digital twin can be achieved by
combining the Internet of Things and BIM. For example, an
analysis of climatic conditions (temperature, humidity, carbon
dioxide, etc.) that are measured in the context of building
engineering. This opens new possibilities, which are also
referred to as spatial analyzes. In Figure 2. , the measured I0T
data is allocated in a building to the BIM model [16]. The
selection control can be used to distinguish regions that
correspond to the regions of specific parameters. Mostly
related to financial aspects the energy consumption control,
energy and maintenance costs saving are of high priority for
the FM offices.

B. The role of the 10T in Energy control and saving

Energy can be used more efficiently in a variety of
scenarios [17]. The alerts / messages received, (from data from
10T devices) about the absence of people in Spaces (i.e.
building space information) is a direct result of the
combination of information about the building area with live
data captured from the loT, devices, cameras, and sensors.
This way, the FM office will receive warnings to turn off the
heating / cooling system automatically, if people are not in the
Spaces [17] , Figure 3. shows a thermal map based on WLAN
data and occupancy data from table sensors [16]. Sensors
allow lighting for meeting, ventilation, and heating rooms,
depending on occupancy. Instead of regularly cleaning
sanitary rooms, water consumption and space use can consume
the need for cleaning [18].

26


https://infoarchspace.wixsite.com/academic

Omar M.S. Mostafa: Benefits and Challenges of Integrating loT, VR & AR in the BIM-ba

Vol. 6, No. 4, 2022

Journal of Engineering Research (ERJ)

Special Issue from: Visions for Future Cities: Innovations & Environmental Technologies Conference, (VEC2022), Cairo, Eqypt, 24-25 September, 2022

Secondary view:

04,03 - Blevations

[ =

Figure 2.

¢ '

O

w

Figure 3.

External parameters such as wind and weather can also be
included in the FM planning [16]. A prerequisite for this is a
well-considered planning of the use of sensors and actuators
[19]. Only by obtaining continuous energy data and the
possibility of timely evaluation of savings through the use of
smart controls and energy-saving consumers, it will be
possible to achieve cost savings throughout the entire life cycle
of buildings - from planning, for example with information
building models (modeling Building Information) [20]. In
addition to direct savings, user interfaces that display results
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Spatial analysis of room parameters in the BIM model. (Source:[16])
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Heat map based on WLAN data (left) and occupancy data from table sensors (right) (Source: [16]).

in real-time sensor measurement allow better control over
energy consumption [21].

Continuous data monitoring and rapid response help save
energy or maintenance costs through the optimal use of
resources. Studies estimate savings at 20-30%[22] . The FM
Office can provide an estimate of the costs of defective devices
for different buildings. Another example of energy
management may relate to “open windows and operating
radiators”. A message from the facility's management team
can inform space users that the heating system is turned off.
By doing this, the FM office can enhance energy saving
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behavior as well [17]. Before implementing an internet based
on things-based solution, investment costs should always be
fully included in the consumption calculation. This is the only
way to assess the overall increase in efficiency [23].

C. The role of IOT in saving maintenance costs:

In the case of maintenance, the absolute costs of
maintenance can be reduced, additional costs can be avoided
due to reduced efficiency, and staff costs can be reduced.[24]
But the increasingly pressing issue of sustainability is also an
engine for the 10T. This may be the reason for the public
initiatives that are supposed to contribute to the economy by
lobbying to use resources more efficiently.

Building automation is really an indispensable part of
smart buildings today. Heating and ventilation systems are
automatically controlled, elevators and escalators are
controlled depending on use, and alarm systems and energy
consumers are constantly monitored. Technologies range from
simple barcodes via RFIDs to beacon devices that provide
timely information.[25] However, the 10T goes even further:
if a system presents its state data online, maintenance can also
be planned after that [26] . The data that are monitored in the
first step must be intelligently evaluated and used. Both the
deployment planning of the 10T for FM and reasonable and
efficient use of data are prerequisites for successful use [27] .
The IOT does not do this alone; it only provides possibilities .
(28]

It is necessary to keep in mind that the cost of
implementing loT applications is also included in the actual
savings account. With 10T, the smart operating system will
have the ability to notify operators of potential problems and
automatically submit requests to manufacturers of their
components that need to be replaced. The facility's digital
dashboard interface will make it easier for its occupants to
monitor facility performance, almost locate an asset in a 3D
model, and easily access relevant FM information. Future
facilities will be more interactive and responsive to the needs
of users and their external environment [15]. Figure 4 shows
the concept of digital twins with the 10T enabled system to
support achieving the discussed benefits.

A Case-Study: 10T to Support Decision in FM:

This study represent the use of a platform to visualize the
Internet of Things for an actual case of a research laboratory
located in the second engineering building on the campus of
Qiao Tong National University, Hsinchu, Taiwan [29], This
included creating a platform that can integrate sensor
information with BIM and experiment how visualization can
help in decision making and energy savings.

Three goals were set for achieving the target integration:
(1) Automated integration: It automatically collects data from
physical sensors installed in the experiment room (research
laboratory) and stores the data in the same room of the BIM
model.

(2)Automated Visualization: Automatically calculates the
index value based on the collected sensor data and calculates
the value mathematically using a color palette chart.
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(3) Multiple contexts: Allows the user to switch between
different contexts that require different subsets of sensors (e.g.
comfort, energy saving).

loT Enabled Bi-Directional Real-Time Simulations
and data interchange

Digital
Twin
Virtual
Building

loT Smart Control

Condition-based
Monitoring

Bi-Direction
Communication

Continuous Lifecycle
process improvement

Predictive Operations
Optimization

Figure 4.  The digital twin concept with the use of 10T to enhance the

FM process (by authors)

Figure 5. & 6 show the proposed platform design and the
spatial layout of the laboratory and the location of the sensors
catching the temperature and humidity information and an
accurate controller, to demonstrate how the facility manager
can adjust space planning based on values “Predictive Mean
Vote” (PMV). Figure 7 & Figure 8 show a sample of
temperature and humidity data for each two-minute interval
over a two-hour period. Figure 9 shows snapshots of the visual
comfort level and suggestions for improvement under various
conditions (window is open /close and A/C is on/off).The
results show that when the air conditioning was turned on, the
temperature and humidity seemed to drop, but according to the
PMV value, the room remained comfortable in all three cases.
In some large areas with limited number of air conditioning
systems, the visual comfort level can have an uneven
distribution. This may lead to change in space layout where
activity use spaces are allocated in comfortable areas and
storage spaces are allocated in least comfortable areas.

The platform suggested by researchers displays integrated
values in a three-dimensional color manner as a layer in a
three-dimensional space.

This provides the facility manager with a better way to
visualize and identify potential facility management problems.
This visualization allows the establishment manager to see the
distribution of values from the perspective of the desired
context, thus supporting decision-making to make the
appropriate adjustments.

D. The Virtual Reality (VR) in FM

As per [30], VR is a virtual environment generated as a 3d
digital model accessed through multiple hardware platforms to
offer an immersive environment. When using BIM for the
digital model, that is widely used in the AEC industry to train
O&M personnel on different maintenance and repair activities
and test their understanding and knowledge of various O&M
procedures [15], it could add additional data that support the
use of this technology in FM, benefit from its advantage that
lies in the integrated FM, where a complete database can be
managed in one VR scene [31], help people intuitively
understand the environment in a fully immersive way [32];
and to make more accurate decisions.
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Figure 5. The proposed platform design for a platform that can integrate sensor information with BIM (Source: [29]).

Sensor Sensor Sensor
No.3

Sensor
No.6

Sensor
No.5

Sensor
No.9

(a) (b)
Figure 6. (A) Spatial planning of the research laboratory; (b) Sensing sites. (Source: [29]).
When using virtual reality with traditional graphics, it can .
provide richer inputs to improve design quality [33]. In
addition to all previous benefits, with the use of VR, a real-
time site condition could be shared by the FM and cooperative
maintenance work can be achieved [34].

Open Windows Close Windows Air Conditioning On

A Case-Study: Improved design quality for facility
management using virtual reality

This study [33] explored construction professionals'
perceptions of using virtual reality to provide design inputs to
improve design quality in Point Gray campus at the University
of British Columbia in Vancouver, Canada. A total of sixteen
industry professionals participants who had little or no
experience in using virtual reality, shared in this study to put
their input regarding the serviceability of two sample
equipment in a mechanical room. Figure 7. Humidity data for sensors 1-9 (Source: [29]).
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Figure 8.

(A) Results of the PMV visualization of the open window condition;

(b) the closed window condition; (c) Air conditioning is on. (Source: [29]).

Figure 9.
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Temperature data for sensors 1-9 (Source: [29])

The equipment encountered maintenance challenges
related to access at its original location, and, to set a precedent
for working conditions, participants were asked to specify the
minimum distance that the equipment should be moved to
make it more serviceable, knowing that the sample equipment
required maintenance every two weeks and 20-30 minutes of
work duration. As shown in Error! Reference source not
found.Figure 10.

There were two scenarios:

o In the first scenario an expansion tank was set up placed
on the ground 6 inches from the wall, and the expansion
tank component requiring maintenance was placed 9
inches from the wall.

e In the second scenario, a piece of equipment requiring
maintenance was placed 8 feet from the ground.
Participants were asked to downgrade equipment to
improve its viability under restrictions that work
conditions do not allow the use of a ladder or chair to
improve accessibility.

The preparation and presentation of the participants'
presentation are shown in Figure 11. A virtual environment
was created for the BIM model to be viewed in virtual reality
with the possibility that participants could apply a change and
view it in real time. In the same time researchers have the
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ability to see the virtual environment that were being changed
by the participants.

Component to be replaced -

-9
il

- -

g

Equipment to be lowered

o g = T ool ] 0
N BE 8 & N 5| 9 -
o
% — >
\ T T T T
10'- 0"
- -

Figure 10. Conventional drawings presented to participants for the first and second scenarios, respectively. (Source: [33])

Figure 11. Preparing for VR entries and view a sample view of
the participants (Source: [33])

Based on the two scenarios, participants were divided into
two groups and each group is also divided into two subgroups:
one of which used traditional graphics, and the second used
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virtual reality. A moderator executed and recorded the changes
required by participants.

The result, as shown in Figure 12 & Figure 13 were as
follows:
When using VR to provide input, participants can
physically wander around equipment to see available
space. Participants used their controllers to check if they
had access to the component to be replaced, and then
provided inputs for transporting the equipment.
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" —8—VR —#—Traditional Drawings

36

Equipment displacement from
base model (cm)
o
=

0 1 2 3 4 5 b 7 8 9 10 11 12 13 14 15 16
Participant no

Figure 12. Displacement suggested by participants in the first
scenario (UP)

. —8—VR —@—Traditional Drawings .
100 92

from base

Equipmen

0 1 2 3 < 5

PTartic\pSantng, 10
Figure 13. Displacement suggested by participants in the second
scenario (down) (Source: [33])

¢ Inthe case of traditional drawings, they had to rely on their
mental perception of space and their past decision-making
experience, but in the same time using can provide more
insightful inputs to improve design quality.

e Participants’ feedback about the experiment that using
virtual reality prove to be easier to provide the suitable
design inputs.
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e The spatial understanding provided by VR helped the
participants to make more accurate decisions.

e The overall results indicate that virtual reality is a viable
option to provide design inputs from the end-user
perspective.

E. The Augmented Reality (AR) in FM

As per [35], AR is a technology that creates an enhanced
environment by synthesizing computer-generated information
on a real-life view to users. The use of this technology could
be substantial in the field for construction and maintenance
when integrated with location-based technologies (such as
RFID, GPS and sensors). This technology is also give
advantage to carry out maintenance work, follow-up work
related to both the inspector and facility manager at one time
and to minimize interventions based on individual subjective
judgments through real-time site circumstance sharing and
collaboration functions [34], thus improving accuracy and
reliability of maintenance work results and effectively
facilitate communication between the people working on the
site [36].

"BIM can be used in conjunction with AR to improve field
work efficiency by providing superposed engineering
representation over physical space along with related facility-
based information, and to provide different types of analysis,
Such as equipment fault detection and diagnosis [37].

When integrating BIM with augmented reality, there are
five advantages to FM: intelligent error diagnosis, visual
operating instructions, state perception, building performance
monitoring, and portable path instructions. Figure 14
illustrates the application areas and benefits of BIM + AR in
FM [38].
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Figure 14. Application areas and benefits of BIM+AR in FM. (Source: [38]

A Case Study: Integration of AR in health FM
In this case study [38], the application of AR in facility

the

maintenance,
instructions to guide maintenance.

management was studied to the MRI room in the health care
project located in Perth. The model of the room was prepared
using BIM Application, then they set the locations of virtual
reality visualization equipment on different patches of the
room, the hidden tubes model was installed in the shape, the
air conditioning units were represented, and the MRI
equipment was located in the model, as shown in Figure 15.

Figure 15. BIM model of an MRI room using Revit software

A number of scenarios were put in place to implement the
integrated approach to BIM and AR which includes locating
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hidden components, and enabling Perform step-by-step
arrange equipment planning, and mobile

In the first scenario AR helped the FM to efficiently

determine the location of pipes hidden behind the wall as
shown in Figure 16).

In the second scenario, AR helped the FM to show relevant
maintenance procedures clearly and intelligently and to
give him clear instructions that follow the mobile
procedure to guide the process (as shown in Figure 17)
Leading to improving the performance of maintenance
teams especially inexperienced beginners and develop
problem-solving skills.

In the third scenario, AR helped the FM to arrange the
equipment in each room in BIM application, visualize it in
real context and immersive environment, and thus to take
the right decision to put in place (as shown in Figure 18).

The main conclusions of this case study:

AR and BIM enables the FM to handle the flow of huge
information more effectively and efficiently.

AR enables FM to navigate the space leading to
particularly facilitate the on-site review process.

There are issues that need more research related to:

o Implementing a BIM context in real space across AR,
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o Visualizing maintenance instructions in step-by-step
animation, and

o Creating a path inside a building using a visual system
supported by AR and BIM models.

Figure 18. Visualization of virtual equipment in AR. Source of
Figures (15, 16, 17 &18: [38])

I1I.  CHALLENGES FACING INTEGRATING 10T, VR & AR
WITH THE BIM-BASED FM

Using BIM to support FM is becoming more common, but
it poses some challenges , By exploring the literary studies on
Figure 16. Virtual piping system behind the wall. this topic we concluded four categories of challenges facing
the application of the discussed technologies in the BIM-based
FM: Cost-related challenges, Technical-related challenges,
User-related challenges, and Data-related challenges. The
next section discusses these categories.

A. Cost-related Challenges

In general, the application of these techniques in the
facility management process is always linked to high budgets
due to the direct and indirect cost. The direct cost associated
with establishing the required infrastructure including
networks, hardware and software while the indirect costs is
related to many other issues and follow the concept of “ice-
berg” as it is not directly realized by many of FM team and
decision makers. Maintenance and training Programs are just
examples that have a significant role in the efficiency of use
and overcoming most of the input and output challenges.

Implementation and training costs are an important
challenge in using BIM to support FM. Enough time and
human resources should be devoted to training construction
professionals in the use of BIM [39]. therefore, the use of BIM
is usually associated with additional administrative and
training costs [40]. depending on their needs BIM certification
in the FM process requires a change to the process and the
criteria that will increase the cost [12]. Also, the lack of
Figure 17. An indicative process for example scenario in approval of BIM to provide FM cost is another barrier to

augmented reality system. adoption [41]. Since building designers do not directly benefit
from BIM's use of FM, they fail to motivate the owner to invest
in BIM [42]. Due to the owner's failure to invest in BIM, the
data is not managed properly [58].

When no BIM workflow structure, building owners pay
twice, the first time, to the construction contractor to obtain a
set of complete documents and once for utility maintenance
contractors to capture the updated conditions by construction
[43]. As a result, FM personnel spend a long time verifying,
identifying, and isolating useful data from the rest. Costs
associated with information management annually,
approximately $ 10 billion is lost due to data access and
interoperability problems [54]. Although these new costs may
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be more than offset by efficiency and size gains, they are still
a cost borne by a member of the project team. Therefore,
before fully using BIM, the risks of its use and allocation
should not only be identified, but also the cost of its
implementation [44].

From a general perspective of the subject, achieving a
balance between the budget for the use of Internet of Things,
virtual reality and augmented reality technologies, and the
training included in professional practice, and the benefits that
can be obtained from this use, undoubtedly requires a study
and analysis of the added value resulting from this use against
the direct and indirect costs. The application and its solutions
to the problems and challenges that are expected to occur [66].

B. Technical-related Challenges

Technologies, in general, is facing many technical
limitations that represent a major challenge for both
developers and users. The required sense of realism [64], and
other studies pointed to the challenges resulting from the
incompatibility between virtual and real models, from
simulating the building models to solve related engineering
challenges, or from the requirements of compatibility with the
different systems and devices used for virtual reality [65].
Some virtual reality applications are compatible with specific
devices or specific operating systems, and this makes it a
special challenge due to the multiplicity of types of devices
that are needed in such systems. For example, users may own
Portable devices, but not all of them are compatible with the
application used for 10T, VR, or AR. This requires the
provision of special software or changing the application to
achieve the required compatibility [66].

The easy Interface is also one of the technical challenges
that could be taken care by developer to encourage all levels
of users and support them when using such applications.

C. User-related Challenges

e Lack of knowledge of BIM implementation guidance

The lack of the knowledge background and required skills
of using new technologies is one of the most important
challenges that may cause delays in the application of such
technologies. Studies show that there are three regulatory
factors influencing BIM-based team coordination: number
Participants, heterogeneity, and the highest decision maker
involved [45]. Despite the important role of asset owners in
BIM accreditation for FM, many of them still lack the
technical competency and knowledge required to fully
operate, manage and fully manage BIM operations during the
operational and maintenance phases to use, and most of them
do not have a thorough knowledge of BIM related
implementation guidelines in facility management practice
[ 46 ].&[ 47 ].This is due to unclear roles, unlimited
responsibilities, non-standard BIM workflow structure, and
frequency In sharing information with other teams, the lack of
guidance for controlling or verifying BIM data leads to
building overworked individuals [48].

The lack of spatial understanding and proper
communication of problems with proposed solutions among
project stakeholders on design issues is a major impediment to
assessing buildability [49]. For example, the current BIM
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workflow structure does not include FM employees until the
operation and maintenance stage, this workflow structure
suddenly exposes FM members to large amounts of data that
overwhelm them. The owner's FM team typically does not
have the software and expertise to extract asset information
when supplied with the existing BIM form, resulting in them
not filling out manned data [57]. Efficiently handling BIM in
3D environments therefore seems to be a difficult endeavor for
management practitioners (FM). They often lack the resources
or expertise to benefit from FM models in the operational
phase [50].

D. Data-related Challenges

¢ Inefficiency of the BIM model information and data:

All over the stages of the life cycle of the facility (start-up,
planning, design, construction, closure, operation and
maintenance), the volume of the facility information gradually
increases in an accumulative manner. When comes to
construction information manufacturing data, specifications,
operational instructions, procedures, and warranty information
types are included [51].& [52]. Unfortunately, Most of BIM
models are inaccurate, incomplete, or have unnecessary
information [53]. This challenge put the FM in the corner as
the core of its process and work is the facility information.

When the project is delivered, one of the difficult

responsibilities of owners is to assess the quality of BIM
model information to be delivered to the FM company. In
some cases the owner outsource this responsibility to external
service providers [54]. These inefficiency of information leads
to delaying data processing, information loss, data
fragmentation, and segmentation during the building's life
cycle [55] and /or Decreasing the ability of the facility
management team and owners to manage information [56].
If there is no specific procedure determined by the design and
construction team at the beginning of the project, it is difficult
to control the quality of the final delivery that is delivered to
the owner [57]. As a result, BIM models are not managed or
maintained throughout the building life cycle [58].

o Inefficiency of information and data:

- Large volume of information and data.

- Inaccuracy or incomplete BIM documents contain
unnecessary information.

- Low quality of information and incomplete information
about mechanical, electrical and plumbing systems (MEP).

- The limited ability of the facility management team and
owners to manage information.

- Possibility of losing control of the quality of information
delivery to the owner if the required information has not
been identified in the operational phase.

- Failure to manage or maintain BIM models throughout the
building life cycle.

e The dilemma of dealing with the (Big Data):

- Large volume of information and data lead to challenges
related to data handling, processing and integration.

- The nature of the raw data increases the challenge of
converting it to valuable information for operators and
users.
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- The diverse and unstructured data come from different
devices connected to the central system make the situation
more difficult.

e The constant need for updating data

- Having accurate and up-to-date information of the facility
as constructed is essential for FM [59]. This put a financial
burden on the FM companies to keep the facility data up to
date. In some cases, FM companies invest a large amount
of money and time to build the facility model for further
use. Even though, if such models are not continuously
updated to its current state, it becomes useless. This
challenge increases with the fact that The manual data
entry into the BIM model is a time-consuming process
[60], and may cause inaccuracies in updating BIM
information which causes, with the limited ability of
mobile devices to update necessary information, delays
and errors in Performing major FM tasks [ 61 ].
Consequently, The cost of the model is related to
“creating” as well as “updating” [13].

In addition, updating data human-related behavior plays an
important role to create, update and get the correct information
in the model [13]. FM employees lack the motivation to
provide ongoing feedback to the owner using an updated BIM
[55], Whether the information is in a folder or on a form that
someone must update when changes occur.

o Different naming conventions

The BIM model information is accumulated by both the
design and construction teams related to different participants.
At present, there are no specific guidelines, naming,
numbering style, linguistic meanings, grammar and scheme to
use while collecting this information [52]. Multiple sources of
information in different formats cost the owner's staff a long
time to determine the information they are looking for.
Without general guidelines, each team use different terms,
naming conventions and specialized applications that may lead
to the problem of the “interoperability” [57]. This challenge,
in turn, leads to semantic interoperability, blind data
heterogeneity and delay in handling the data or considering it
useless [62].

IV. A SUMMARY OF BIM-BASED FM ENHANCEMENT
WHEN INTEGRATED WITH IOT, VR AND AR

Through the previous literature and case-based analysis,
the following is a summary of the Enhancement of BIM-based
FM when integrated with 10T, VR and AR:

A. Enhancement of BIM-based FM when integrated with
10T:

e Optimize the use of resources to achieve Energy and
cost saving throughout the entire building life cycle:

- Optimize the internal spaces environmental conditions:
Analyze climatic and weather conditions such as wind,
temperature, humidity, and carbon dioxide; and use it
to optimize space environment as per user preferences.

- Rationalizing the consumption of water such as the
water intended for cleaning the toilets according to use.
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Automatic control of space lighting, ventilation and

heating according to occupancy.

- Good power control via a user interface that displays
sensor results in real time.

- Promote user behavior in saving energy, through direct
communication with space users and requesting the
shutdown of a system when it is not needed by relying
on the sensors.

e Enhance Maintenance provisions and save costs:

- Continuous monitoring of building objects, systems
and spaces and inform the maintenance team of any
possible problems for a rapid response, or to
automatically send requests to manufacturers of
components that must be replaced

- Optimize maintenance staff related cost and avoid the
extra costs due to the lower efficiency.

- Easily accessing equipment information and monitor

the performance of the facility through the digital

dashboard interface.

. Enhancement of BIM-based FM when integrated with VR:

- Facility Database Management: Full database
management in a virtual reality scene with an easy
access through multiple device platforms.

- Visualizing for understanding and decision making:
VR offers a visualization method to help people
understand the environment intuitively in a completely
immersive way and make more accurate decisions and
provide insightful inputs to improve design quality.

- Cooperative Maintenance: accessing the virtual
environment from any location support achieving
cooperative maintenance work between the facility
manager and the facility management company.

- Training of FM team members: Create serious games
to train operation and maintenance personnel and test
their understanding of various procedures.

Enhancement of BIM-based FM when integrated with AR

- Improving the efficiency of fieldwork: by providing
superposed engineering representation over the
physical space along with relevant information.

- Review the facility manager's inspection work plan, so
inspector registry information and verification work
can be performed at one time.

- More accurate decisions: and reduce interventions
based on individual personal judgment

- .Intelligent error diagnosis and dealing with the flow of
huge information more effectively and efficiently.

- Visual operating instructions: visualizes maintenance
instructions in the animation step-by-step.

- Portable path instructions: via the "Navigation"
function, which can particularly facilitate on-site
review process.

. Challenges

o Cost-related challenges
Using new technologies in facility management
process is always linked to high budget due to direct
and indirect cost.
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- The costs of training the facilities management team in
using BIM.

- Team recruitment criteria differ to require a BIM
certificate in the FM process which will increase the
cost.

- Owner's lack of approval for BIM accreditation in FM
results in no budget being provided.

- Building owners pay twice because there is no BIM
workflow structure at the beginning of the project.

- It is important to achieve the balance between the
budget related to the use of loT, VR & AR
technologies, and the benefits that can be obtained from
this use.

e Technical-related challenges

- The main challenges in this category is related to the
preparation of the required networks, hardware and
software for applying the new technologies.

- It is important to achieve the compatibility and
interoperability of the used systems, hardware, and
software.

- The easy Interface is also one of the technical
challenges that could be taken care by developer to
encourage all levels of users and support them when
using such applications.

e User-related challenges:

- Some FM employees lack the competence and
technical knowledge necessary to fully operate,
manage and exploit BIM operations during the
operation and maintenance stages.

- Lack of comprehensive knowledge of BIM
implementation guidance and available standards and
processes in facility management practice.

- unclear roles, unlimited responsibilities, lack of spatial
understanding and appropriate communication of
issues with proposed solutions among project
participants.

- The owner's FM team usually does not have the
software and expertise to extract facility information
when it is delivered using the BIM form.

e Data-related challenges

— Inefficiency of information and data:

o Large volume of information and data such as
manufacturing data, specifications, instructions,
operational procedures and warranty information.

o Inaccuracy or incomplete BIM documents contain
unnecessary information.

o The need to assess the quality of information and
ensure the completion of mechanical, electrical and
plumbing systems (MEP).

o The limited ability of the facility management team
and owners to manage information.

o Difficulty in controlling the quality of information
delivery to the owner if the required information has
not been identified in the operational phase.

o Failure to manage or maintain BIM models
throughout the building life cycle.
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— The dilemma of dealing with the (Big Data):

o Large volume of information and data lead to
challenges related to data handling, processing and
integration.

o The nature of the raw data increases the challenge
of converting it to valuable information for
operators and users.

o The diverse and unstructured data come from
different devices connected to the central system
make the situation more difficult.

— Difficulty in updating data continuously:

o Relying on manual entry to update data takes a long
time.

o Inaccuracy of updating data
duplication or alteration of data.

o The limited ability of mobile devices to update
necessary information in BIM forms.

o FM employees lack the motivation to provide
ongoing owner feedback with updated BIM.

resulting from

— Various naming conventions:

o Insufficient data integrity due to differences in
syntax, graph, or indications.

o Lack of specific guidelines, naming, numbering
style, linguistic meanings and rules for using
information.

o When searching for information, multiple sources
of information in different formats cost a long time
to locate information.

o The Facilities Management Team creates a set of
their information.

V. DISCUSSION

Studies have shown that with BIM data that can replace
existing two-dimensional drawings, the 10T, VR & AR can
increase the efficiency of the Facility Management. In
addition, since BIM datasets created in the construction phase
are utilized, it has the advantage of requiring little resource
input for technical application. It is important to make an
optimization decision during the operation and maintenance
phase to control the accuracy, appropriateness and quality of
the information flow .so early participation of FM staff in the
design phases and construction will be very useful for
developing accurate and complete BIM as they were built.

According to [13], Companies must have a budget to create
the data and to keep it updated, otherwise the form itself
becomes old and useless: part of the cost should be allocated
to create a template and another part should be allocated to
continue updating the template. During the first phase of FM,
the data and information must be updated immediately, to
enable FM team to easily access the database and carry out
daily operational work. Stated that the building information
modeling workflow is unclear, the successful implementation
of BIM requires the exchange of information between
different stakeholders.

Therefore, according to, Failure to know the capabilities of
BIM in FM practice will reduce the interest of FM companies
and customers in investing money, time, and effort to
implement them, thereby losing opportunities and future
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benefits and impeding BIM adoption in FM practice. He
explained that increased transparency between stakeholder
building and the development of a standard protocol for
capturing information during the design and construction
phases would enhance decision-making. Therefore, according
to , hiring a BIM coordinator to assign responsibilities to
individuals working on a team that may significantly affect
BIM use and how efficient the organization of the team is to
improve the use of BIM. Efficiency of the organization / owner
is a traditional building management. As mentioned that will
help training and skill Facility management personnel learn to
recognize the BIM 3D environment and contribute to all stages
of the building and understand what can be accomplished
using BIM models and how it can be beneficial to accomplish
facility management company goals.

VI. CONCLUSION

Many useful digital technologies emerged or developed
during the 4™ digital revolution. The 10T, VR and AR are
examples of such digital technologies that, when integrated
with Facility Management Process, could enhance most of its
process activities by providing visual assistance information
and support the process of making quick and accurate
decisions. From the previous sections, we could conclude the
target framework, shown in Figure 19, to reach an enhanced
FM process.

- The fundamental task in this framework before applying
the discussed technologies is to prepare required plans that
mainly deal with challenges and barriers facing the
application of 10T, VR and AR in the BIM-based FM and
try to overcome, eliminate or mitigate its negative effects
on the process. There are form main plans: the cost-related
plans, the technical-related plans, the human related plans

and the data-related plans. As per the approved budget, the
decision to apply whatever suit the FM company and fit
with its conditions as the application of such technologies
in the framework is not dependent, but related to the
approved budget and the approved specification of the
suitable infrastructure of such application.

Using the Internet of Things provides activate the concept
of a partial or whole “digital twins” by which the facility
manager and his team could get benefit from the real-time
simulation of building spaces, component, objects and
systems and easily visualize and identify potential
problems in facility management, and thus support
decision-making for appropriate adjustments.

Using virtual reality give the user the advantage of
managing the building full database, access it from
multiple platforms and give him more insightful input to
improve design quality. Spatial understanding of virtual
reality helps in taking more accurate decisions.

Displaying real-size models in the augmented reality scene
provides the user with a virtual augmented environment in
which the user has a navigation tools, a situation awareness
notification, and visualized maintenance instructions for
all systems. In addition, the user can monitor the building
performance and use the capability of intelligent fault
diagnosis

Through the early involvement of FM employees in the
design and construction stages, many challenges can be
overcome.

The continuous updating of information and data during
the design, construction, operation and maintenance stages
is essential for an accurate and solid decision-making
process and problem solving.

|_ Enhanced BIM-based FM process

——

Apply AR
technologies
The Virtual
Augmented
Environment

Portable Path Instructions through Navigation Function

Facilitate process through Visualized Operation Guidance

Building Performance Monitoring / Intelligent Fault Diagnosis

Coordinated Teamwork/ Situation Awareness

Apply VR
The Virtual
Immersive
Environment

Full database Management/ Access from Multiple Platforms

Immersive Visualizing for understanding, possible cases,
Cooperative Maintenance, and accurate decision making

Apply loT

| Real-Time Monitoring of energy-related Behavior |

Technologies
The Digital Twins

| Real-Time Control of Bldg. Systems & Performance |

Plans to Apply

Human-Related Plans: Select, Qualify, train skilled expected users

& Enhance the

Technical-Related Plans: Suitable infrastructure: Networks, Hardware, software

BIM-based FM

Process

Cost-Related Plans: Estimate, coordinate, and approve Project Budget |

—

Pre-start of BIM-based FM process |

| Data-related Plans: apply data handling, processing & security measures |
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Figure 19. A proposed Framework for integrating 10T, VR & AR with the BIM-Based Facility Management Proces
Considering main Benefits and related Challenges (by Authors)

RECOMMENDATION FOR FUTURE RESEARCH
DIRECTIONS

VII.

A. Recommendations

o Regulators: to include BIM in Saudi Code and prepare
related guidelines to eliminate data-related challenges.
o Project related parties:
= Toadoptusing BIM in their projects to facilitate the
using of the all discussed new technologies in a
BIM-based FM process.
= To invest in training programs for its users to get
the utmost benefits of such technologies.
= To take all required measures to secure Project data
from all types of cybercrimes
o Legal Entities
= To study international successful cases for facing
cybercrime cases and put related regulations.
o System Developers
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