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Abstract- An unmanned aerial vehicle (UAVS), is also known
as drone technology, is used for different types of application
in the civil engineering. The drone previously has risen in
military applications for spying and to get mapping area
specifically to the construction project, the drone can be
applied as a tool for visual inspections process such as area
mapping, tracking work in progress, inspections of built up
structure and locating and identifying construction
defects.Ageing and fatigue of infrastructures has become a
major concern especially for elevated highway and bridges
where the service life is shorten. Therefore it requires an
optimized procedure and the use of drones is explored within
this study. This study, aims at the application of technology
which is drones for structural/construction inspection through
visualization approach. The aim of this study is to offer
greater perception in what's vital to inspire the construction
industry to enforce drones. This can be completed through
answering the primary studies query: “What is the belief of
the application of drones in the construction industry?”” In
order to reply this query it changed into first researched what
drones should do in the construction industry. Thisis typically
with the usage of cameras. One of those applications of drones
may be engaging in visual inspections of objects at top at the
same time as the operator is secure at the ground. This isn't
best safer; it's also lots quicker than sending an inspector to a
roof. The ability customers of the studies have been observed
to be contractors, nearby governments and consultancy
agencies. After the literature have a look at a survey and
interviews have been placed together. The questions requested
in the the survey has been primarily based totally at the final
results of the literature study. The survey was distributed
under the ability users observed in advance in the studies. In
order to get top perception in what the potential users of
drones assume drones to do there have been additionally three
interviews conducted. These interviews gave a fantastic
extensive view to the expectancies the ability customers have
of drones. The conseguences of the survey and interviews have
been processed and the facts analyzed through evaluating the
outcomes. After this, conclusions and recommendations have
been drawn.
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I.INTRODUCTION

1. For conventional method of visual inspection on high reach
point it aways have a current issues involving limitation of
machinery such as sky lift and human error.

2. Although conventional method of visual inspection must be
an efficient way throughout current time but still it can be
questionable on:

(a) Time effect

(b) Cost impact

(c) Efficiency in co-ordination

(d) Legal documentation for court issues
(e) Safety and health perspective

(f) Business perspective

3. So this research involves a study to attempt an answer for
this problem and to propose combining technology with
construction area specifically in visual inspection area.

I1.OBJECTIVES

a) To study immersive technologies can be used to enable
controlling construction projects remotely,
applying/checking end users requirements, construction
education and team coll aboration.

b) To monitor a Case Study on Drone Technology & its
application in construction industry through the
guestionnaire survey and expert interviews.

I11. DATA COLLECTED BY SURVEY

Eventually there were 22 respondents. Ten of those
respondents eventually turned out to be not usable at al, one
of them seemed to be a hoax only filling in he was a safety
guard working for the consultancy. Four respondents only
filled in the section B questions and the other five only filled
Section A questions only i.e. in what their function was and/or
at what type of organization they were working. Three of the
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respondents eventualy stopped hafway a Section C
questions. These responses are till kept as Section C
questions answers are still useable for the outcome of those
questions. The answers given can be found through tables and
diagrams in Appendix A. When we look at the survey, we see
most of the respondents are consultants or members of
management teams of consultancy agencies or contractors.
The respondents think they use imagery in most of their cases
with the biggest category being between 61-80% of their total
projects and the second most chosen category is the even
higher one with 81-100% of usage of imagery in projects. We
can also conclude that out of this group there was no one who
thinks they will be using less imagery in the future, half thinks
that they will increase the amount of imagery made and the
other haf says they will continue making the amount of
imagery they were already doing. If we look at the object that
imagery is made of this is mostly the object as whole,
imperfections, progress of the project and the work in progress
itself. Less popular subjects being photographed are el ectrical
systems, piping- and plumbing systems. The most preferred
method of shooting imagery turned out to be by smartphone (9
out of the 12 respondents), with the compact camera as a close
second (7 out of 12 respondents), one of the respondents gave
a drone as a way to make imagery. The smartphone aso
turned out to be the most useful device of making imagery
with an average score of 8.8/10 for usefulness, this time
followed by the DSLR with 7.9/10.The imagery is mostly used
for internal communication and external promotion (both were
filled in 8 times), inspections were also an important use of
imagery (6 times filled in). To the question about the shooting
of therma imagery almost al of the respondents answered
they use therma imagery for about 0-20% of their projects.
During the finishing and usage of the project the most imagery
istaken and the main reasons to make imagery are internal and
external communication. Both method of communication were
appointed 8 times versus the 6 times inspections were
mentioned as usage for the imagery. Real-time imagery turned
out to be fairly useful to neutral, so it is a nice bonus, but had
no real added value according to the results of the survey.
Most people think they are familiar with drones, no one has
not aready heard of a drone, 9% has heard from a drone and
the rest knows what drones are or have even flown with one.
The respondents think that drones would be most useful to
shoot imagery of rooftops and objects as whole. The
respondents of the survey would use a drone to make imagery
within the range of 0-40% of their projects (45% said 0-20%
and another 45% said 21-40%). But when asked if a drone
could be a problem in the construction industry 73% of them
say drones could be a problem indeed for a variety of reasons
(privacy, regulations, it is new for the industry). One person
said drones in his opinion only have added value for the
construction industry. One person came with the suggestion to
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use drones to scare away nesting birds another person gave the
option of using Google Glass as form of imagery on
construction sites.

IV.DATA COLLECTED BY INTERVIEW

Here the results of the interviews will be presented.
The full results can be found in Appendices B, C and D. The
results of the interview with company K and L are combined
because they were retrieved from a meeting of both companies
followed by an interview to company M.

Company K & L: The meeting with company L, a company
that was planning to use a drone within their work
environment, and drone builder company K gave a lot of
insight about the regulations regarding drones. Unfortunately
the surroundings were too noisy to make recordings and
connection was quite poor, so the researcher made extra notes
and processed the conversations partly from memory. The
proceedings of the meeting and combined interview can be
found in Appendix B. Company L is interested in using a
drone to measure the rooftops of buildings in high rise
building. These measurements are now done by hand and need
to be done twice. The first time will be a rough measurement
in order to get a price indication to the customer; if the
customer agrees a second, accurate, measurement will be
done. This cost time and company L believes a drone could do
this work much faster for them with the added bonus of
working safer from the ground instead of on the roof.

Company K can offer the total package of the drone
including the software that can be used to make the
measurements or make an export to CAD to make the
measurements in CAD if wanted. The drone flies autonomous
with the help of a programmed flight path which uses Google
Maps. Respondent A of company K also made clear operating
adrone needs special training and a lot of paperwork needs to
be arranged before it is dlowed to fly the drone in The
Netherlands. Implementing an infrared camera to the drone is
also possible, but company L was not interested in this
technol ogy.

It also was mentioned that obstacles do not form a
problem for the scanning of the roof because the technology
uses a pointcloud of about 25 high quality images made by the
drone and DSLR. Flight time of a drone from company K is
guaranteed to 12 minutes, but since the drone will be done
taking the images in about 5 minutes this faces no problem
and if company L wants to use the system for 6 projects a day
they could purchase extra batteries in order to keep going all
day. Company L further makes use of images made by
smartphones and other cameras. Google Maps is often being
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used to orient the environment of a possible project. They
want to improve their working speed and accuracy in order to
save costs, be innovative and gain positive publicity. They do
not use thermal imagery yet.

Company M: The full proceedings of the interview with
respondent D, the engineer of two departments of company M
in the Pune region can be found in Appendix C. Company M
is a constructor and a developer. They do projects all the way
from the initiative phase till maintenance. An important usage
of imagery for them is communication (marketing) to their
customer, but aso for internal communication. For every
project they use imagery, often professional photographs are
hired to make these pictures. What could be seen is the rise of
the importance of imagery over the last years. “Nowadays
digital pictures are stored in a ‘Cloud” and images are of high
professiona quality”. Videos are often made and spread via
social media like YouTube, LinkedIn, Twitter or Facebook.
Imagery on the construction site is most often made from
work in progress in order to guarantee the quality company M
delivered. They also use special software application that store
imagery so it is possible to check how something is done on a
later moment in time. The pictures on site are more including
people in them in order to make them more attractive for
marketing purposes. Google Earth and Streetview are
mentioned as imagery that is also used a lot. Every device for
making imagery is being used by company M, from
smartphones to webcams. The webcams monitor the progress
of the project and offer a semi real-time image of the site.
Recordings are delayed 30 minutes in order to prevent
spreading if an accident happens. Company M also uses
sensor triggered cameras to secure the site against thievery.
Also infrared imagery is made in about 60% of their projects,
in India respondent D thinks this rate is about 60%. The
infrared imagery is being used in order to get the evidence for
BREEAM like certificates. Company M owns an infrared
camera, but usualy hires an external specialised company to
make the reports. Company M has used drones just to make
video footage for marketing purposes, but respondent D
knows about the possibilities for measuring that drones can
offer. Respondent D believes drones could be used for alot of
applications, namely inspections of rooftops from a safe
position. But he thinks drones could aso do some work in the
future, he has mentioned moving bricks as an example in order
to save time the workers could use to actualy build the
building instead of getting tools or materials. Respondent D
further believes drones could project measurements and
congtruction drawings to the site in order to prevent
misplacement of elements. Company M would probably not
buy a drone in the future to get imagery, but would rather hire
an externa company to do this for them. Respondent D had
his doubt about the regulations needed for flying a drone and
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thinks the drone might cause a distraction. Further respondent
D states “if someone is not convinced a new technology will
work for him he is not probable to use the technology a lot”.
He is not interested in what the drone is supposed to cost, but
more in what it will make for company M and that is hard to

say.

Company N: The full proceedings of the interview with
respondent E, the project engineer of well-known construction
industry in Pune for company N can be found in Appendix D.
Company N is a construction company and developer that
realises projects for utility construction, housing and also does
renovation and maintenance projects. They use imagery
mainly for communicative purposes. This means
communications to the customer (marketing) and internal
communication in order to guard the quality company N
delivers. The current form of imagery was not used 10 year
ago, then it was a bundle of white drawings from an architect
and now we use 3D and BIM models to visualise projects.
Company N uses imagery in every project they do. On the
constructions site respondent E believes imagery is just at the
beginning. Nowadays the executers of company N all are
given iPads with an application for quality surveillance. The
worker makes a photo of it, describes what is wrong and sends
it to the person who can fix it. That person accepts the work,
fixes the problem and hits the button that says he is done. The
work is a recorded in the logbook. This method is used by all
the bigger construction companies according to respondent E.
Company N uses infrared imagery for blow door tests in order
to test if their construction complies with the demands given.
These demands are often that the construction needs to have
the BREEAM certificate. Company N hires externa
companies to do this for them. Video footage is aso used to
distribute on YouTube or other socia media for marketing
purposes. Occasionadly company N uses webcams at
construction sites for monitoring the progress of the project.
Sensor triggered cameras to secure the site from thievery is
aso used. 3D have also been used by company N in order to
make visualisation and respondent E told company N is
starting to test virtua reality glasses with 3D imagery to let
someone walk in a room of a conceptua building in the
beginning of the construction progress. According to
respondent E in the near future we will idedlly see that new
technologies like interactive pairs of glasses for every person
on site that gives red-time to the worker what he needs to do
and where he needs to do that. Most imagery in the form of
pictures is shot during construction in order to monitor the
progress of the project and to guard for the quality delivered.
Real-time images from for example webcams are seen as an
extra bonus but not for great added value. Company N had
worked with drones in order to shoot aeriad footage for
marketing purposes. A colleague of respondent E owns a
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drone. Respondent E imagines that a drone could be of added
value to an executer as an extra pair of eyes. The executer can
monitor the other side of the site without having to constantly
walk in circles. He also believes that about 50% of the work
on site is actualy of added value according to the Lean
principles. Therest of the time is wasted with getting tools and
materids. If a drone could bring the worker his tools or
materials this would improve efficiency. He also thinks
inspecting a high construction would be doable with the help
of a drone as a replacement for scaffolds. Or other hard to
reach areas like crawl spacesif the drone would be very small
and ableto fly indoors. He a so thinks drones should be able to
fly autonomously via a predetermined route. Respondent E
thinks another use for drones would be for the infrastructure
industry. The often need level heights or need to know how
much sand there is in the heap of sand. That could be
determined with the help of a drone (quad or fixed wing). The
doubt respondent E has with drones lie with the regulations
around drones and the fear people have for their privacy and
the distraction a drone would create excludes its use around
working times.

V.VALUATION OF DRONES

The fact that both the survey and one interview gives
that they would use a drone to shoot imagery for somewhere
around 20% of their projects indicates that drones have added
value for the user. Given in the interview with respondent D is
that the cost of drone technology does not matter too much,
the added value is what counts. Not one of the respondents
was able to get an indication to the amount of money they
were willing to pay for a drone or drone inspection. The
meeting with Company K and L made clear a drone capabl e of
making measurements with the proper papers and training for
the operators would cost which would be alot of money if one
would only take some pictures and shoot some promotional
videos with it. But if operated for cost reducing activities to
their 27 work, a cost reduction a year would make the drone
break even. This seems to be an easy task given the time a
drone could spare a company. Yet till it seems people are too
afraid to take the step towards the usage of drones.
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V1. ADVANTAGES/DISADVANTAGES OF DRONE

Attribtes

Thearetical outcome

Empirical dats

Relative
Advantzsz

Tiones ofte 2 f2 8 ve 20valizze 10 Allemanives
when workine at hei gt and oferinza contrzctor
= extrz pair of eyes om site Also, drones
supersads 30 bser sannme becanse 3 drons will
makes 2 30 o= famer and doss mot requis 2 sehle
undermomd A diszdvanrass of dronss is tharthay
do nat operzte in bad westher conditions

f0N2s s3ve Hime, and thefetofs Mmoney.
Using drmes would alse inorease safery
Disadvantasss found were vialation of
privacy, the fax of acrashing drane and the
remnlations regeeding dromes in the
HNetherlands

Compatability

For this afiri e the resufE of the empirical data
were neaded Dones 262 natcompatible with the
current valoes for privacy, but drones ar= in line
with the incressed usase of imassry in the
canstmction industay

The ne=ds the poEmEl user hes fora deme
relies heavily to the purpase hehas forthe
drona

Complexity

Tiran=s nesdtwa persmms @ oper=i the drane et
and the camara manmsd ta it. Mowadays dronss
can also fly awtonomously using GPS. The
complexity of flying a drons has sotten lower
because of this GPS, but 2 drone itself remains 2
complex divida

Tirones are 2z mor= 21 M amos mg
waypaint flisht-paths with the help of
Goagle hMaps. Which males it ezsy to
aperzte, bt resnlations in The Metherlands
a2 very strictand saquirea 1ot af camplex
paparvork

Trialzbilfty depends on the application the nser
wants for the drone If 2 professi
raquired triability is low becanse of the hish

mal drons is

The hish price of z drons decrezses the
degres of trizbility, this will fusther
decrezsad becanss of the reznlations in

Trizlsbility | investment costs and regulations zround fese | India
drope If 2 (hish-end) consnmer drone wounld be
sufficient the investment cast zr= not so hish

making them a lot mage trizbla

From ather mdustries 1t czn be s2en that drones | Dirones can be s=en 1n z ot of places and

give advantgss compared to the older methods | gpinign s divided But usinga drone in
the constmction industry would forma
Obsenvability Eood marking position A downsids is that
2 drome oftan fonms 2 distraction. This
wonld makea drone in tha construction
industry danssrous to the workers

VII. CONCLUSION

The results found in the literature study were not
always very conclusive. Information found was about the
subject, but in another industry or setting. This is because the
combination of drones in the construction industry is new and
thereis no real research conducted about this specifically. The
surveys response rate was very low, regardless of the attempts
of the researcher to spread the survey. The link on Linkedin
page of the supervisor is believed to be aturning point for the
survey. Before this link was posted, in a feedback moment
with the supervisor, it was decided to start with interviews to
support the survey for gathering empirical data for the
research. It was intended to record every interview, however,
the meeting between company A and company B was found
disturbances due to less speedy network at other side of call.
That made recording the meeting and interview afterwards
impossible. The interview was aso not fully conducted as was
intended, but this was because a lot of the questions that were
going to be asked in the interview were aready answered in
the meeting between the companies A & B. When the survey
results were exported to Excel it turned out that some of the
respondents only filled the first couple of questions in, these
did not add any usable information to the research so they
were neglected. There was one respondent that stopped with
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the survey halfway. The results of this respondent for the first
8 questions were processed.
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