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Abstract. Promoting construction, enhancing safety and multiple functions
of IoT. Since the beginning of Fourth Industrial Revolution, digitalization
becomes a fundamental function of all the construction project and bring all
the project to a brand new practical and efficient world. IoT (Internet of
Things), which refers to a large network of connected sensors and devices
capable of autonomously exchanging and analysing data in real-time,
belongs to a major facilitator of this function. To have an idea of the
importance of this technology in the construction field, one must think about
it as an instrument to decrease labour cost, reduce project repair time, and
save material cost by automating and networking process. Among these
could be automated assessment of a construction site to alert about hazards
that might affect workers’ lives. IoT alarms and delivered insights reduce
risks and keep the working place of the construction workers safe. Overall,
it is claimed in the paper that IoT has a significant number of applications in
the construction sector- starting from the project management to the quality
testing of work. These are just some of the applications of IoT and as the
field evolves, more benefits and value-added services would be seen arising.
In this regard, IoT will also have a key role in communication and
coordination between many stakeholders involved, hence creating
collaboration and cooperation for a healthy conductive environment with
openness among all. Its integration with latest technologies like digitization
of data, data analytics, Al, facilitate predictive maintenance decisions and
end up making less mistakes. Although there is a huge potential for IoT to
develop in the construction industry, so far, it is not utilised in a large scale.
There are some limitations to be reduced like the cybersecurity,
interoperability, and workforce readiness among others that need to be
addressed or enhanced in due time. Industry participants must join hands to
overcome these issues. It would be an understatement to say that [oT has the
ability to completely revolutionize the construction industry. In article it
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illustrates how the Internet of Things is transforming the building sector and
offers guidance on how interested parties can take advantage of this
technology to raise project sustainability, output, and safety. By adopting
innovation and digitization, those involved in the construction industry can
take advantage of new moves for efficacy and efficiency in systems
performance.
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1 Introduction

Building technology is the area in which technology is making notable and substantial
progress due to its rapid growth and development. Technology has the potential to
revolutionize many aspects of our lives [1]. In the last few years, this industry has undergone
tremendous change. Although major reforms have not been implemented globally, where
they have been implemented, they are having a remarkable effect. Following the advent of
the Industrial Revolution (IR) 4.0, digitalization in the construction sector has streamlined
the processes involved in building and maintaining infrastructure. Digitalization is used in
all stages of a construction project, not just the execution stage, which gives the construction
parties even more convenience [2]. The construction industry, which requires a lot of labour,
energy, and materials, is one sector where loT is starting to be applied extensively. Along
with the high degree of complexity of the entire construction project, another significant
factor is the long service life of the built structures. From a variety of angles, the Internet of
Things therefore has a great deal of potential for application in the building industry [3].
Automation of potential danger detection and safety inspection on construction sites is
possible with IoT. Additionally, for construction projects to fully benefit from the use of
digital technologies, all devices must be connected in order for data experts and researchers
and to transfer and analyze all data. Though, like other emerging technologies, [oT is not yet
regarded as a common practical technology in every construction site, it is a workable
approach for supporting such data transmission among equipments [4].

2 10T in Construction Industry

The Internet of Things, or 10T, is a technology that was created by humans and is envisioned
by advanced virtual objects that are able to understand everything and allow the devices in
their immediate environment to interact with one another automatically without human
intervention. IoT, to put it more simply, is a channel of sensors, appliances, and other devices
that can actually communicate with one another to exchange information about changes to
their immediate surroundings and current physical state [5]. Accessibility and connectivity
are added, and the new innovation and technology also lowers labour costs, gets rid of human
error, and improves efficiency levels ultimately. To modernize society and raise standards of
living, it is anticipated that IoT will sense, understand, and measure the environment around
it[6]. On the Internet of Things, there are numerous uses, features, and opportunities. There's
a rapid uptake of this technology. Virtually every aspect of life and a broad spectrum of
industries use the Internet of Things. The widespread presence of the Internet of Things (IoT)
in our daily lives will enable people and devices to establish connections at anytime,
anyplace, and with any and all objects [7]. In addition to causing too much energy
consumption and environmental emissions, the construction industry's labour-intensive
methods are the cause of the sluggish growth of the industrial transformation. These
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sophisticated mechanisms are the result of working in this complex field. Even though the
sector has a lot of potential, digitization, new building methods, and innovations are the only
ways to improve project management, suitability, efficiency, safety, and production efficiency
[8]. The Internet of Things' architecture is designed to give every object the ability to identify
itself, sense its surroundings, connect to other objects, and process data. This allows objects
to share and exchange information with one another and create sophisticated services through
the Internet. As a result, the interconnection will indeed enable intelligent autonomy, vibrant
context-aware judgment capabilities, and a deeper understanding of the various systems.
These features open the door to realizing the objectives of integrated ambient intelligence in
industrial automation, which include establishing a worldwide network that enables
ubiquitous computing and device context awareness [9]. Fig 1 shows the uses of the IOT in
construction.

Site Construction Predictive
Monitoring Safety maintenance

Machine Quality
Control Control

Fig 1: IOT in Construction Industry

3 The Importance of IOT in Construction

The construction industry has demonstrated a dynamic evolution in response to the
challenges posed by modern infrastructure development in recent times. In order to address
these issues, effective management of time, money, and quality is just as important as safety
on the building site. In many industries, safety is crucial, and the construction industry is no
exception [10]. In order to help construction sector policymakers avoid interactions with
associated problems challenges and to provide education-based initiatives to educate
professionals practitioners on the relevance and usefulness and of using 10T in the sector,
this paper represents a good understanding of IOT in the and their potential challenges [11].
The application of IoT for all industries is important to enhance the quality of industrial
processes. Inefficiencies, breakdowns, and squandering of resources, along with COVID-19,
are the reasons for the delay in the delivery processes, services, and the production of quality
products within the allocated budget. Most of these challenges can be addressed by deploying
IoT to secure the quality of the production process and reduce production costs [6].
Restrictive and administrative hierarchies that are opposed to change and evolvement have
historically ruled the construction sector. This presents a major obstacle to the steady and
gradual adoption of IoT methods and procedures. The only way to change things is to
persuade key decision-makers of the many advantages of IoT, particularly in the financial
domain, so that changes are made from the executive level, becoming more efficient and
integrated, instead of from the ground up [12]. The ability of the protection device to be
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activated instantly in the case of emergency is one of the main features. When an abnormal
or unusual condition is detected, the IoT devices will promptly alert, offer additional, and
request assistance. With the help of the Internet of Things, the safety administration can
monitor the entire site's condition and respond to threats instantly. For the purpose of
checking construction site safety, a variety of sensing technologies and systems are currently
in use. Sensors have been used by numerous researchers in proximity detection,
environmental sensing, physiological monitoring, and location tracking [13]. Fig 2
demonstrates some of the important factors of IOT in construction sector.
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Fig 2: Important Factors of IOT in Construction Industry

4 10T Techniques in Construction

The idea of discussing these techniques is to motivate researchers to use them with an IoT-
enabled UAV to have better update from the site in less time.

4.1 Simultaneous Localisation and Mapping (SLAM)

Simultaneous Localization and Mapping (SLAM) represents a pivotal technology in
autonomous robotics, revolutionizing the capability of robots to navigate and map complex
environments in real-time without prior knowledge. SLAM algorithms, camera, and active
sensors integrated together has the advantage of letting robots build spatial maps while
localizing themselves [14]. Laser scanners that are known as Light Detection and Ranging
(LiDAR) on the other hand can be used in SLAM applications to provide accurate distance
measurements by emitting laser pulses and detecting reflections afterwards. LiDAR sensors
have been found useful in high resolution mapping of both indoor and outdoor environments
with very high accuracy levels [15]. Furthermore, global positioning satellite (GPS) receivers
provide essential components for obtaining absolute geospatial positioning data especially in
outdoor settings [16]. On the contrary, thermal sensors are very important, especially in
situations where visibility is limited or lighting is inadequate. Thermal sensors work in
partnership with other sensor modalities to provide a comprehensive understanding of the
environment by identifying heat signatures [17]. Acclaimed for its adaptability, SLAM
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technology finds application in numerous domains, including automation,
robotics, augmented reality, and autonomous vehicles. In robotics domain particularly SLAM
is a base for mobile robots which are able to move independently within changing
environments with exceptional autonomy and productivity. These robots keep changing their
mind maps using SLAM algorithms that simply make them to adapt changes in the
environment, thereby enhancing spatial awareness and operation capability [18]. On the
contrary, self-driving cars depend on SLAM to know their exact position and create a map of
their environment especially in urban areas full of obstacles. By making use of SLAM
technology, self-driving cars can have accurate perception and interpretation of surrounding
environment which is imperative for well-informed navigation among the numerous
complexities found in urban landscapes [19-22]. Autonomous vehicles may thus integrate
SLAM into their navigation systems in order to guarantee safe as well as efficient
transportation thus laying a foundation for common autonomous mobility solutions as shown

in Table 1.
Table 1: Simultaneous Localisation and Mapping
Application Description Study
SLAM Algorithms Real-time localization and | [23]

mapping technology enabling
robots to navigate and map
complex environments without
prior knowledge

Camera and Active Sensors | Integration of sensors capturing | [24]
visual and environmental data to
aid SLAM  algorithms in
localization and mapping

Laser Scanners (LiDAR) Instruments  providing precise | [25]
distance  measurements  and
enabling high-resolution mapping
of indoor and outdoor

environments

Global Positioning Satellite | Devices  furnishing  absolute | [26]

(GPS) Receivers geospatial ~ positioning  data,
particularly beneficial in outdoor
settings

Thermal Sensors Sensors detecting heat signatures, | [27]
enhancing environment

perception, especially in low-
visibility conditions

Applications in Robotics Empowering mobile robots with | [28]
autonomy and efficiency in
dynamic environments, enhancing
spatial awareness

Applications in | Providing precise localization and | [29]
Autonomous Vehicles mapping for navigating complex
urban environments, facilitating
informed navigational decisions
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4.2 Radio-Frequency Identification (RFID)

In the construction industry, RFID (Radio Frequency Identification) technology has emerged
as an innovative tool capable of enhancing efficiency, productivity, and safety. RFID is a
wireless way to identify and track objects or assets by using radio frequency electromagnetic
fields so that one can be aware of their presence in real-time and can also manage them for
different stages of construction projects [30-34]. One main use of RFID in building sector is
the tracking and management of resources. This allows construction firms to follow closely
the whereabouts, condition and usage trends for their equipment, tools as well as materials
[35]. This ensures better inventory control, minimizes incidences of theft or loss while
enabling just-in-time delivery of supplies at the construction site; hence optimizing resource
utilization and cutting project slippages [36]. Worker’s safety at work place as well as site
security has been enhanced through application of RFID technology. Using RFID enabled
access control systems, construction companies can limit access into hazardous areas only to
authorized persons with related competence [37-39]. Also in-site movement monitoring can
be done by tagging individual employee’s PPEs with RFIDs or imbedding RFIDs into
workers’ clothing within a jobsite, assisting or enabling timely response in the event of
accidents or emergencies [40].

Accurate real-time monitoring
of

tools, materials, and equipment

Increased and improved

control over inventories

Asset Tracking
and
Management

decreased chance of damage Maximized the use of

or fraudulent activity available resources

Fig. 3. Asset Tracking and Management in Construction Industry

The supply chains become more visible and logistical problems are better managed when
RFID is used in this sector. For the benefit of these advantages, construction companies can
use RFID tags that are integrated and embedded in their materials and components [41]. They
can monitor every item more easily as it travels from manufacturers to construction locations,
which enhances delivery coordination and reduces the possibility of shortages, delays, and
material runs [42-46]. Additionally, RFID can be combined with other technologies like
Building Information Modelling (BIM) and Construction Management Software (CMS),
which facilitate stakeholder coordination and decision-making processes by automatically
collecting data and updating information about the project and more precise details about it
[47]. There is an added advantage to using tags enhanced by radio frequency identification
technology (RFID) in building construction-related activities. These enhance maintenance
while also aiding in the management of construction assets over their whole life cycle [48].
For example, construction companies can monitor the usage records of their machinery tools
and equipment by using such tags. This allows for optimal asset practice, which increases
lifespan without increasing maintenance costs, and it also allows preplanned servicing [49].
Additionally, this technology has enabled facilities departments within companies to move
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away from outdated approaches that relied on reactive emergency response measures because
electronic sensors fitted with RFID among others could be installed at strategic locations for
instance within a plant pipeline network [50]. RFID technology has completely changed the
sustainable construction industry in several ways, from supply chain optimization and worker
safety to asset tracking and stock inventory management. Construction companies can
improve project outcomes and quality satisfaction to stakeholder, by utilizing RFID
technology to increase efficiency, productivity, and safety throughout all stages of the project.
Fig 3 illustrates the point on asset tracking and management on sites.

5 Conclusion

This is an important milestone in the ongoing digitization of the industry, as IoT is being
applied in construction. As is evident throughout this paper, there are several advantages of
using IoT such as improving safety and efficiency, better project management and
sustainability. Construction stakeholders could utilize these interconnected networks of
sensors and devices in order to streamline processes, optimize resource allocation, or
proactively manage risks before they occur.

e [oT has improved security by augmenting real-time monitoring and detection of possible
dangers at construction sites. As per the established security standards, the workplace is
guaranteed to be safe for workers through automatic identification and notification of
any potential threats found on the assumptions, which can be resolved immediately with
the use of specific devices and detectors.

e  The Internet of Things (IoT) is one tool that can help to develop or encourage this kind
of exposure or visibility and cooperation among stakeholders in construction projects.
Real-time data exchange, or continuous information and communication exchange,
makes this possible by allowing managers, builders, and designers to more effectively
plan and coordinate their actions and activities, thus helping in decisions and project
outcomes.

e It can be found from the study that due to IOT and its ability to automatically connect
the entire building's operating procedure, productivity has increased and improved. Also
if completion dates could be precisely forecasted instead of relying on maintenance or
quality assurance, projects could be finished faster and for a lower price.

o Internet of Things (IoT) utilization in the construction sector, comes with some
disadvantages despite its bright future. Several factors, including high rates, data security
concerns, incompatibility, unpredictable reliability, and connectivity, could be addressed
to ensure universal access to this technology. But with combined efforts and
technological advancement, these challenges can be met, and the building industry will
be able to keep coming back to increased productivity, sustainability, and innovation.

The growing adoption of IoT signals new ideas for the construction process based on

intelligence that result in digitalization or changes to the traditional construction sector. As a

result, the application of Internet of Things (IoT) technologies to the solutions for emerging

or expanding engineering problems generates effectiveness that includes both safety and
efficiency, which redefines future methods for carrying out various building tasks and
projects duties.
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