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Graphical abstract Abstract

The use of drones in construction site surveillance increases gradually with a
reasonably lower cost than hiring an additional workforce. At the same
time, the construction industry was slow to adopt new technologies and
reduce on-site problems such as cost overruns, poor quality, risks. This study
is to review and investigate previous researches and illustrates the benefits
and barriers of using drones. A questionnaire survey and an extensive
literature review collected all the data needed to stand on critical points.
The study revealed that the benefits of using drones permitted high effect
sight in site safety, security, control on quality, cost of work, and
documentation. On the other hand, privacy and security, environmental
issues, public perception are the most frequent barriers to drone
employment in construction sites. The authors conclude that drones in
: monitoring construction sites improve the fluent implementation of work on
Inspection schedule and the high performance for entire project activities despite
numerous addressed barriers. For future studies, the researchers suggest
studying the effectiveness of using drones in the construction site during the
covid-19 pandemic.

Construction
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1.0 INTRODUCTION most common on-site  problems [3]. Besides,
construction activities include many contributors such
as contractors, owners, tfradespeople, and
subcontractors [4]. The management of construction
activities to maximize operational efficiency is an
important issue. Therefore, monitoring and tracking the
construction  projects' performance is  vital in

The construction industry confributed fo the extensive
employment of workforces [1]. The surveillance of the
construction site was a challenging task [2]. Thus,
Material flow issues, complexity, internal
communication, and external communication are the
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accomplishing this goal, but it is often complicated
because of the constant diversion site environment[5].
Moreover, the widespread Covid-19 pandemic and
world health organization (WHO) recommendations
for a mandatory lockdown hinder the construction
management role and operational efficiency by
imposing social distancing[6]. According to some
studies, greatfer than 12.4% of the consfruction cost is
wasted because of the defective components
processing found in the later stages of construction [7].
Also, most buildings' defects refer to human factors, for
example, unskilled workers, inadequate oversight, lack
of communication and collaboration between
contractors and designers, and lack of operational
expert solutions during design at the construction site
[8].

The construction sector in Iraq is about to see a
surge in future projects[9]. Since construction projects
of Iraq have a high failure rate linked to cost and
schedule, Project planners face a significant obstacle
in determining the workplace's required performance
because of the difficulty in determining labour
productivity [10]. Iraq experienced wide use of several
types of drones from various manufacturers for military
use after the American invasion in 2003 [11].
According to Iraqg drone laws, Irag allows drones with
conditional permissions and some restrictions [12]. The
importance of drones emerges clearly in boosting
communication and aid in managing projects. It also
improves safety, conserves tfime and effort, expedites
surveys, and provides precise measurements [13].
However, the efforts dedicated to solving daily
construction problems and development have lacked
in the contexts produced by researchers in modern
technology adaption and consideration in Irag. In
addition, the researchers started this study in response
to the previous calls to investigate the use of drones
related to safety and trades off and the broad
deployment of drones in the construction sector [14]. It
highlights a significant issue and gap in converting
efforts to developing practice instead of high losses
produced from traditional practice. Past research
focused on launching drones to cover fixed paths and
managing the construction site fo monitor project
activities [1, 12]. However, it is sfil unclear the
advantages of using this technology in a wide range.
Because of the limited studies to list the benefits and
barriers of adopting drones, the research question is,
why should we employ drones in a construction site?
[16] illustrated that developed software packages
help efficiently in the image storage and the creation
of slow-motion films. Old procedures of using regular
filming cameras are substituted by other innovative
ways, such as print and digital formatting [17]. The
digital image gives a good capacity for monitoring
and documenting the progression of the project and
maintaining control of the facility's condition [18]. [16,
17] searched for image databases algorithms and
converted digital images in readable 3D environments
that track hardware movements. Monitoring the
performance and location of determined workplace
resources (labour, equipment, and materials) may not

be feasible for many reasons. The labourers, for
example, do not accept to be monitored or tracked
for ethical issues; and consequently, tracking
thousands of elements cannot offer a cost-effective
(cost-selling technology) or a practical (size or type of
material to place tags) approach [5, 14]. It is crucial fo
illustrate existing and potential new businesses,
inventors, and policy founders about the opportunities
for Unmanned Aerial Vehicles (UAVs) in the
construction sector. It is in another meaning represents
a direct connection drone technology has
fransformed the process stakeholders view a
construction site, reflect a developed project, and
produce a considerable added  thoughtful
interpretation of the process during construction. This
research aims to reveal the benefits and barriers to
using drones and assess it systematically depending on
previous research. The study was limited to the
construction sector in Irag due to each region's
different characteristics and nature.

From the above discussions, it is explicit that there is
a difficulty with control and a shortage of variation in
the construction industry, especially in developing
countries [21]. Hence, it is imperative to do this
research and conclude whether adopting automated
construction  technologies  will  influence the
productivity of robots in the construction industry.
Innovative system technology can be used in the
consfruction method or the apparatus used to
accomplish a construction project. In this research, the
machine features of construction technology are
reflected, and the researchers reviewed its influences
on the workforce in the construction industry. As
previous studies justify this concern and sfill reflect on
the importance of ongoing studies on drones used in
developing countries throughout their construction
industry [22], thus a relevant gap still exists in industries
that lack innovative investigation of their application in
different sections. A gap is linked with the problem
description, needs, and modern studies in the Iraqi
construction industry [23].

1.1 Drone Definition

Drones are known as Unmanned Aerial Vehicles
(UAVs). It is a flying autonomously robot controlled
remotely through software-managed flight plans in its
built-in systems, working directly in GPS and onboard
sensors [24]. Also, it was invented in 1914 in Britain [25].
Different designs of UAVs are based on shapes,
mechanisms, and characteristics; it usually designed
for specific purposes. Therefore, their hardware and
software projects are developed depending on the
requirements for tasks. The frame structure of the drone
is divided into two types: a fixed-wing and a rotary-
wing. The fixed-wing drone can fly with wings that
generate lift through the front speed and wing shape.
The rotary-wing drone can fly with rotating rotors with
foil section blades to ensure lifting [26]. This research
focused on the rotary-wing drone because of its
suitability usage on the construction site.
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Figure 1 Type of Drones[26]

1.2 Drone Maintenance and Cost

Drones come in many types, different specifications,
and prices. For professional work, high features drones
are needed in the construction works. The construction
site's side with drones requires a supported system to
extract and process all the images continuously
quickly. As to [31], the incurred cost of the drones
might involve:

The cost of the drones themselves.

Any attached buildings and the drone stations.
On-site processing system.

Maintenance engineers.

Logistics cost.

Insurance and legal fees.

1.3 Applications in Construction

Every case for implementing drone technology in
construction schemes is growing year by year. The
brand-new methods to characterize drones on their
flights become the central relevant part [32]. These
technologies empower construction corporations to
manage the data obtained from their drones to show
methods and develop features of consfruction
management associated to:

Estimating
Surveying

Site monitoring
Quality assurance
Safety

Team report

oL~

The drone's ability to correctly survey field ranges is
an essential gain of employing drones in construction.
Computing, explicitly correlating to estimates of
earthwork quantities, is usually prepared by an
engineering surveyor and needs a vital significance of
fime to finish. Nonetheless, applying drones with laser
scanners connected with a conventional fopographic
survey, 3D forms of vast areas can be built in a
computer program to classify what earthwork volumes
are already on the construction site.

Moreover, visual management (VM) expands traction
as a successful approach within lean construction in
organization delivery and fransparency. The scheme
unit and its representatives can approach distinct
viewpoints of site processes with a software sight of ifs
live data of drones. The type of fransparency can
direct to "...simplification and consistency in judgment
production and result command, developed work
coordination, more detailed description of difficulties
and divergence, stimulation of communications
amongst production units and widened operator
obligation and autonomy.

1.4 Benefits and Barriers

The researchers investigated recent studies related fo
the use of drones in the construction sector. An
extensive qualitative method illustrates the frequency
of benefits and barriers of using drones in the
construction sector. Mapping and surveying with
drones have been an outstanding achievement. In
order to locate corals, [33] used drones equipped with
motion photogrammetry techniques. Researchers
found that using high-definition visual cameras
mounted on drones to evaluate massive structures in
precise detfail and diagnose deteriorafion was both
practical and cost-effective [34].

Moreover, drones in irrigation are more economical
than satellites since they are not impeded by weather
[35]. Using drones to carry medical supplies has proven
to be beneficial in the field of healthcare. Drones can
distribute and start picking up medicines and testing
kits for chronic diseases [36]. In Table 1, the researcher
illustrated some benefits to the use of drones. Drones
may dissuade people from participating in social
gatherings and activities without fear of being
videotaped [37]. Drones potentially put the country af
risk if they fall into the hands of the wrong people. They
can carry out both virtual and actual attacks on the
community [38]. In Table 2, the researcher collected
possible barriers from previous publication.
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Table 1 Benefits of using Drones in the Construction Industry

No- Benefits RO 18 pe ps g0
1. Better detection N N 3
2. Reduce cost and high-quality images v \/ v \ 5
3. High mobility v 1
4. High safety \ v \ \ 4
5. Short preparation time \ v 2
6. Real-time monitoring \ v \ 3
7. scheduling \/ v 2
8. workforce y \ 2
9. Documents and deliverables y 1
10. Improve the quality of work \ 1
11.  Demoalition v 1
12.  surveying v v 2
Table 2 The Barriers Obstacle using Drones in the Construction Industry
No. Barriers R1 R2 R3 R4 R5 Ré6 Frequency
[37] [39] [40] [41]  [29]1 [27] (N)
1. Threat to privacy and security N N N 3
2. regulations \/ v N v v 5
3. Public perception and psychological N N 2
4. Environmental issues \/ J V 3
5. Economic aspects N \ N 3
é. Technical issues J y V V 4
7. Site-related problems v N 2
8. weather v 1
9. Organizational barriers v 1
2.0 METHODOLOGY 2.1 Population, Location, and Sampling Techniques

This section clarifies the methodology and design
ufilized to lead this research. Deciding on a sound
research methodology be the procedure and
management of data to answer and solve the
question, including hypothesis testing, to reach a
beneficial conclusion. This chapter will describe the
research design and methodology used to achieve
this research. All questions put in our research
questionnaire is designed to answer the research.
Quantitative research completes three primary
aspects: conceptualizihg reality and factors,
measuring them, and considering connections.
Quantitative information collection mostly takes time
and is considered time-consuming as the example
measure is generally more prominent than subjective.
Compared with individuals. The aspects which will
focus on:

1) Design of the Research.

2) Research sampling, location, and population.
3) Research Instrumentation.

4) Procedures.

5) Data analysis.

The research methodology received for this study is a
questionnaire survey. Information collected from one
section is fundamental to detail and breaks down the
data from the other part. Therefore, all questions put in
our research questionnaire are designed to answer the
research objectives and match certain stages from
previous works. The research population is the
contractors,  sub-contractors, clients, engineers,
consultants in Iraqg. The researcher has taken the results
of 120 responses to the targeting sample. This driven
respondent sampling method in a hidden population
guarantees that each person gets the same
probability of taking as a sample.

2.2 Research Instrumentation

A survey questionnaire was implemented to specify
the barriers and benefits of Drones in construction sites,
then to discuss the survey results. The questionnaire
was applied to collect information from respondents,
such as their perceptions, aftitudes, and opinions
about the research event. This questionnaire s
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categorized into three parts A, B, and C. Sections B
and C have a total number of questions that reach 40
to cover all potential aspects of our research.

Section A

This section compromises the background and general
information of the respondents, their job, level of
education, the age of an organization, the type of
buildings that the organization develops, and their
experience in the construction industry—the data
obtained from fthis section used for demography
analysis.

Section B

In this section, the researcher collects the information
and responses relating to the benefits and barriers to
using Drones in the construction industry from different
perspectives in the subjective matter then ftries to
match all the most common factors to develop a
model for each part.

Section C

In this section, the researcher asks questions about the
benefits and barriers addressed in the literature review
using the Likert scale to show each method's impact.
In addition, the researcher persists in identifying the
most frequent barriers and benefits in previous studies
among all these implemented in the construction site.

2.3 Data Analysis

The questionnaire was analyzed taking the software of
Statistical Package for Social Science (SPSS). The
usage of this software calculates essential information
such as frequency, percentage, and mean. This
software helps the researcher consider the records
easier, precise, faster, and more accurate than
manual methods. The outcomes will indicate whether
or not the consequences of this study collaborate with
the goal of this research. The statistical analysis will
produce a result that can be evaluated in a desk
structure and confirmed facts, for instance, frequency
and percentage. Every objective mentioned from the
information  analyze based totally on the
questionnaire. The credibility and the weight of the
research depend enormously on the reliability and
validity of the collected data. Information is regularly
thought of as 'the facts' — the things that seem to be
correct. In any case, indeed, information is a social
item. The essential data collection refers to the first-
hand data collected directly by the researcher to use
for their study. Moreover, this data is obtained by
directing individual examinations through respondents
and review utilizing a questionnaire.

3.0 RESULTS AND DISCUSSION

The result of the survey questionnaire achieved the
results shown below. The Authors distributed the
qguestionnaire using google forms among professionals
and employees, and they deal with construction in
their daily routines. A total number of 120 survey
questionnaires was distributed, the respondents have
given their feedback and contribution.

3.1 Reliability Test

A reliability test was conducted to show the questions'
suitability fo work in the questionnaire group. The value
of the Alpha Cronbach test for all items illustrates that
it is reliable. Alpha Cronbach's value of each section in
the questionnaire should be greater than 0.7 to meet
an acceptable level [42]. The table shows that a= 0.89
for section 1 and 0.83 for section 2. Thus, it is a good
indicafion that the design of questions inside the
questionnaire is working as groups, and the instrument
is reliable, as shown:

Table 3 Reliability test for section C Part 1

Reliability Statistics
Alpha Cronbach
test N of Items
0.89 10

Table 4 Reliability test for section C Part 2

Reliability Statistics
Alpha Cronbach
test N of Items
0.83 30

3.2 Background of Respondents

In this part, the data was analyzed for the background
of the company and the project. The first analysis
would be the position of the respondents, as shown in
Table 5.

Table 5 The Position of Respondents

No. Respondent Percentage
1 Property Developer 19%
2 Site Engineer 41%
3 Contractor 12%
4 Consultant 15%
5 Building Control 13%

Officer

A significant group of respondents works at the site
or indirect activities on the site. Thus, 41% of the
respondents work as site engineers, and 19% represent
property developers. It is merely their nature of work
that needed them to monitor work progress on-site



126 Mundbher et al. / Jurnal Teknologi (Sciences & Engineering) 85:1 (2020) 121-131

compared fo anyone else continuously. So, that gives
us practical and trusted information for this survey. 15%
of the respondents work as consultants, and 13% and
12% refer to building control officers and contractors,
respectively.

The results in Figure 2 show that 36% of the
companies are af the age of service from 11-20 years.
Moreover, in the same percentage for the companies

from 6-10 years. In less rate, we can find that the
companies with years of service bigger than 20 years
come in third place recorded 17% of the total sample,
and the new companies only represent 12%. Thus, we
can conclude from all the percentages above that
our survey passed on numerous experienced
companies to deal with our survey questions.

AGE OF ORGANIZATION

40 36%
35

30

25

20

15 129%

10

<5 years &6-10vyears

36%

17%

11-20 years =20 years

Figure 2 Year of service for the company

The researcher analyzed the projects that
participated in this study; the results of the analysis
shown in Figure 3, the majority of respondents came
from High building projects (housing), which contribute
49% of the total data. It is because many residential

19%

= High building projects

= Commercial Projects

building projects are undertaken compared to other
projects. Commercial projects came after residential
projects with 32%. and industrial projects came lastly
with 19%.

Industrial Projects

Figure 3 Type of Buildings

3.3 Drone adoption benefits from the data collected

The authors addressed the benefits of adopting drone
fechnology in this questionnaire survey, and they

classified these benefits in four categories project
performance, documentation, administration, and
health and safety as shown in Figure 4. These benefits
described statistically as illustrated in Figure 5.
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The use of drones will improve the performance of the
workforce keep it on schedule. In addition, fluent
implementation of project work activities, control on
the quality of the achieved work, reduce cost and
short work, safety and risk avoidance, real-time
inspection, assist in the documentation work and
report preparation, low insurance cost, security

J:G

>
—

purposes, easy and fast transferrable data, and pre-
work detailed surveying. The government should first
permit insfitutes and the public sector to adopt the
conditional use of drones in the construction site
following governmental regulations for this situation in
predefined limifs.

Figure 4 benefits categorization of using drones in the construction sites

Report Preparation
Easy and Fast Transferable Data
Surveying

Safety and Risk Avoidance

Benefits

Fluent Implementation of Projects
Low Insurance Cost

Reduce Cost

Quality Conftrol

Real Time Inspection
Security Purpose

Improwve Workforce Performance

I 20%

I 25%

I 26%
= 65%
I 45%

I ———— 7 0%b
I 359

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

Percentage

Figure 5 Benefits of Using Drones

3.4 Barriers to using drones in the construction sites

The survey collected the different side views of the
respondents concerning the common barriers towards

the adoption of drone technology in the construction
site. Public perception, ethical issues, the threat of
privacy and security, government regulations,
environmental issues, economic issues, technical
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issues, organizational barriers, cost surplus, cultural barriers of using drones statistically, as shown in Figure
issues, and weather conditions are described in Figure 7.
6. The authors clarified the data collected towards the

Figure 6 the barriers of using drones in the construction sites

weather Condifion s 15%
Cost Surplus I 60%
Organization M 12%
Technical Issues nEE — N 55%
Economic lssues e 42%
Environmental ssues . 45%

Barriers

Government Regulations e 5%
Privacy & Security . 5%
Ethical lssues I 15%
Public Perceptfion eSS 0%

0% 10% 20% 30% 40% 50% 60% 70%
Percentage

Figure 7 Barriers to using Drones
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3.5 Discussion

The researchers investigated recent studies related to
the use of drones in the consfruction sector. The
extensive qualitative method illustrates the frequency
of benefits and barriers of using drones in the
construction  sector.  Numerous studies have
demonstrated the cost-saving effect of deploying
drones in the constfruction sector, as reporting on large
and expensive equipment is frequently stressful [43]
and minimizes operational costs [36, 37]. Drone
technology is being used in several innovative ways,
including surveying damaged structures and assessing
insurance costs [46]. The flexibility and focus provided
by drone-based aerial photography have shifted the
balance, giving a cost-effective and timely method of
documentation [47]. Drones assist in the collection of
construction site records and enhance crane operator
visibility [40, 41]; detect unauthorized activity or entry
of workers info a predefined danger zone of plant
operation [50]; wireless networks promote autonomy
crane safety monitoring [51]. In terms of safety
administration, drones are used to automate the
surveillance of the real-time locations of all workforce
[52], machinery, and materials on a work site by
detecting and locating them via sensors or identifiers
to generate warnings in particular danger zones [53],
prevent accidents and fall, and provide statistics [41,
46]. Early adopters in landscape architecture practice
and study use drones to document @ sites,
communicate design concepts, and observe cultural
characteristics and natural systems [55]. Using image-
based methodologies for verifying as-built documents
for existing structures was investigated, allowing for a
comparison of plans and realities [56]. In the second
part of this study, the researchers addressed the
barriers to the use of drones. Thus, some studies
recognized significant impediments include public
perception due to societal anxiety about automation
[57]. noise and public annoyance [46], environmental
impacts in terms of co2 emissions [50, 51], technical
issues maintenance [60], economic concerns [37], and
they take in consideration battery charging, exchange
through drone lifecycle [61]. Moreover, government
and administrative  regulations  and  restrictions
significantly impacted the use of drones [62].drone flies
close to the residential areas create privacy and
ethical issues[63]. The best conditions for using drones
are extended periods of stable weather [56, 57].

4.0 CONCLUSION

This study uncovered the unique feature of the
construction site of Iraqg. In this study, the researcher
employed the questionnaire survey collecting the
respondents’ data and matching the data with all the
information collected from the literature review
concerning the barriers and the benefits of using
drones in construction sites. The authors believe that
drone employment in the construction site will improve

the engineering team'’s task on many levels, such as
sifte management and site investigation [66]. The
infrusion of this technology will be highly beneficial
under specific regulations and guidelines of the
government [67]. Drones are an emerging technology
with vast potential to support future and current Iraqi
construction industry needs and practices, including
remarkable services over fraditional practices related
to cost, fime, industrial prospect for managers, and
constfruction quality [68].

On the other hand, many obstacles addressed by
the experts regarding the adoption of this technology,
such as ethical, cultural issues, and government
regulations as the main barriers, stand against the use
of drones in construction sites. For future research, the
authors proposed investigating the mechanism of
using drones in construction sites following government
regulations and policies. The authors also suggest
studying the effectiveness of using drones in the
construction site during the covid-19 pandemic. Ever-
growing support over the world requires to be
investigated to assure relevant serviceability and
adequate fundamental integrity. Nevertheless, it
demands critical study, and there is an insufficiency for
a further practical and aoffordable technique fo
examine constructions visually in Irag. Another concern
is the considerable quantity of visual data gathered in
single or multiple visits, and it requires a well-prepared
database system that employs modern IT systems
following drones that Irag currently lacks. In addition to
the principal challenge with visual examination is that
collected outcomes can differ significantly depending
on the inspector's knowledge and experience[?]. The
gaps are addressed in suitable ways that cover the
drones' relationship with construction application by
highlighting the results of mismanagement and lack of
implantation in daily construction duties.
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