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The use of technologies on jobsites is one of the recent challenges for construction management. To
exemplify this, studies report the use of Unmanned Aerial Vehicles/Systems (UAV/UAS) for transportation
and jobsite monitoring, and these potential features have caught the attention of the construction indus-
try. However, studies are still required to orient the development of operational procedures for using this
technology effectively, mainly for on-site safety monitoring. This study aims to assess the applicability of
UAV for safety inspection on construction sites, focusing on the identification of the requirement that can
be inspected and the non-compliances with the safety requirements established. This study was based on
two case studies, conducted by a protocol developed for data collection, processing and analysis of the
visual assets (photos and video recording) gathered from the UAS flights on jobsites. The results show
that the visual assets collected by UAV can improve the safety inspection on jobsites by means of a better
visualization of working conditions. This fact was pointed out by the analysis of the visual assets which
provided detailed information about the compliance of safety items according to the safety regulations.
The main contribution of this research is the development of a set of procedures and guidelines for col-
lecting, processing and analyzing safety requirements from UAS visual assets on jobsite in order to iden-
tify the potential to incorporate this technology into the project’s safety management routine.

� 2017 Elsevier Ltd. All rights reserved.
1. Introduction

Unmanned Aerial Vehicles/Systems (UAVs/UASs) are defined as
any aircraft that works without a human pilot onboard (Puri,
2005). Initially, UAVs were used in military applications, but more
recently, the potential use of UAS in engineering environments has
gained significant attention. In the field of civil engineering partic-
ularly, UAS has been used in the monitoring and maintenance of
pavements and highways (Zhang, 2008; Themistocleous et al.,
2014); inspection and monitoring of bridges (Metni and Hamel,
2007; Morgenthal and Hallermann, 2014); inspection of buildings,
monitoring of damages and cracking, maintenance of facades and
mapping of historical monuments (Eschmann et al., 2012;
Emelianov et al., 2014; Torok, 2014); 3D modeling for buildings
reconstruction (Küng et al., 2011), photogrammetric applications
(Hudzietz and Saripalli, 2011), including volume measurement
through the use of digital terrain model (Hugenholtz et al., 2015).

In Brazil, commercial aviation activities of UAVs are regulated
and monitored by the National Agency for Civil Aviation (ANAC).
The experimental operation using UAVs requires authorization of
ANAC, and its legal operation varies according to the classification
of the Remote Pilot Aircraft (RPA). This classification is based on
the Maximum Take-Off Weight (MTOW) of the aircraft, as well
as its operational purpose (experimental, commercial or corporate)
and visual grading criteria (Visual Line of Sight or Beyond Visual
Line of Sight) (ANAC, 2017). For experimental purposes, aircrafts
with MTOW below 25 kg only need to be registered with ANATEL
(National Agency of Telecommunication) to operate under legal
conditions. A pilot’s license is not required, nor the certification
of flight authorization; however, ANAC’s flight criteria
established the need to fly on Visual Line of Sight, with maximum
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altitude of flight of up to 120 m, and in urban areas of up to 60 m,
for instance.

The application of UASs for safety inspection and some other
managerial tasks on jobsites have been the focus of exploratory
studies (Kim and Irizarry, 2015; Irizarry and Costa, 2016; Ham
et al., 2016). Irizarry and Costa (2016) identified safety manage-
ment as an area that requires latent application. Such conditions
can be attributed to the discarding of information relating to the
safety conditions at construction sites. According to Shrestha
et al. (2011), unsafe conditions in places of service in which
employees work are among the main causes of accidents in con-
struction, and are directly associated with inadequate supervision
and insufficient views. Thus, Enshassi and Zaiter (2014) argue that
there is a strong relation between the occurrence of accidents and
the lack of information about the working conditions on construc-
tion sites.

In addition, Saurin et al. (2005) state that new mechanisms are
needed to ensure the safety of employees that work in risk areas
such as, at high elevation and close to edge of the buildings. More-
over, those authors emphasize the importance of constantly visual-
izing those dangerous activities, especially in areas of difficult
access. These difficulties can compromise the safety of workers,
because many times tools are unavailable to feasibly assess those
risks. Studies in other engineering areas show that UAV application
can resolve the need for visual information and real time monitor-
ing (Zhang, 2008; Themistocleous et al., 2014). Also, UASs’ poten-
tial can be related to low cost, high mobility, safety support, high
speed visual assets acquisition and data transfer (Kim and
Irizarry, 2015).

Therefore, the application of UAS for the safety inspection used
in the role of hazard detection and correction of unsafe conditions
corroborating in the prevention of accidents (Irizarry et al., 2012;
Woodcock, 2014; Lin et al., 2014) should be better investigated
for understanding how this technology can be incorporated to this
construction management task and its potential impact for pre-
venting or reducing unsafe working conditions.

This study aims to assess the applicability of UAVs for safety
inspection on construction sites, focusing on the identification of
the requirement that can be inspected and the non-compliances
with the safety requirements established. Also, this paper pre-
scribes procedures and guidelines for the application of UAS tech-
nology for safety inspection based on two case studies carried out.

2. Background

2.1. Monitoring and inspection of safety work conditions

Production planning and control are essential in the prevention
of work accidents, especially in cases that involve high risks
(Cambraia et al., 2010). Safety inspection is an ordinary element
of safety management systems to control the risks with early
detection and correction (Woodcock, 2014). According to
Abudayyeh et al. (2006), the number of accidents and occupational
illnesses are significantly lower at the companies that conduct
safety inspections. On the other hand, the lack of periodic safety
inspections can increase the rate of accidents by 40% (Reese, 2011).

According to Toole (2002) and Irizarry et al. (2012), the safety
inspection process in constructions has three main characteristics:
being frequent, performing direct observation and directing inter-
action with workers. The inspections must be consistent with
safety management to assess the environmental and work condi-
tions based on safety requirements established by regulations
(Cambraia et al., 2010; Irizarry et al., 2012). However, the size of
the construction jobsite and the amount of activities to be
observed influence the time spent for such evaluation (Cambraia
et al., 2010; Irizarry et al., 2012).
In the traditional process of safety inspection, the observations
carried out on the field are rarely analyzed more than once, and
few of them are turned into performance indicators for manage-
ment uses, which reduces the efficiency of the decision making
process and makes the monitoring of safety performance more dif-
ficult (Lin et al., 2014). Wehbe et al. (2016) argue that safety man-
agement and risk analysis usually are handled as isolated
occurrences without, however, accounting for root causes.
Cambraia et al. (2010) and Woodcock (2014) point out the impor-
tance of integrated information about near misses on the safety
information system, as well as incorporating information such as,
reports of accidents, unsafe acts and conditions and safety
regulations.

Despite the importance of the inspection process, some studies
(Kim et al., 2008; Park et al., 2013) and practices show that the pro-
cesses of monitoring and management inspection in construction
present a number of problems, which reduce the efficiency and
effectiveness of those evaluations, such as: (a) reduced number
of staff on construction jobsite to assess the conformity, the safety
and the environmental requirements of processes, (b) overwork in
the data collection, due to the large number of requirements to be
evaluated, (c) lack of standardization of traditional evaluation
checklists, as well as the data processing and analysis, (d) high
demand data with manual transcription, with a lot of time wasted
on collecting and processing data; (e) loss of information between
data collection and processing, (f) lack of communication between
project personnel, execution teams and management teams, (g)
difficulty of real time action to correct problems and realization
of preventive actions (Kim et al., 2008; Park et al., 2013).

Additionally, despite the existence of guidelines and regulations
for different danger types, the inspector should intuitively know
how to correctly localize, identify and evaluate those risks
(Woodcock, 2014). Therefore, Lin et al. (2014) and Saurin (2016)
emphasize that the issues registered during the inspection can vary
a lot for the same sort of matter when done by different specialists,
making the systematic comprehension of the observed problems
more difficult. For these reasons, standardization is necessary both
to reduce the variability of the results and to establish a basis on
which work practices can be verified and continuously improved
(Saurin et al., 2006).

Hollnagel et al. (2006) emphasizes monitoring as one of the
main characteristics of resilience engineering. However, a well pro-
jected detection system is not enough for a positive resilience. It
should be associated with good management, an efficient evalua-
tion and unsafe conditions resolution (Hollnagel et al., 2006). Thus,
resilience cannot be simply integrated to the system through the
use of more procedures, guidelines and protection equipment,
but through continuous performance monitoring, and evaluating
‘‘how things are made” (Schafer et al., 2008). Consequently, resili-
ence includes both ability to prevent failures and losses, and capac-
ity of replying efficiently after it has occurred (Wehbe et al., 2016).

The control of safety conditions on a construction sites can be
conducted through monitoring and performance measurement
(Bridi et al., 2013). Laitinen et al. (1999) indicate that the safety
level at the jobsites can be estimated through the systematic
observation of the work conditions and the safety behavior of the
employees. However, there is still a lack of standardized methods
for the work condition monitoring and risk evaluation on construc-
tion sites.

Furthermore, Saurin et al. (2006) argue that safety information
provided by visual devices allows for the identification of limits to
perform the activities safely. In order for that, Teizer (2008) argues
that there is a need to develop methods for visual assets processing
to achieve a level of precision that provides enough information for
safety decision making such as in the case of safety procedures on
operating heavy equipment. Recent studies present applications of
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technologies for safety inspection, including iPad platforms for site
inspection and monitoring aiming to improve the safety operations
and management in daily inspections procedures (Lin et al., 2014),
real-time video transmissions through wireless connection with
mobile camera equipment (Jaselskin et al., 2015), and application
of argument reality, allowing for the analysis of the as-planned
and as-built (Han et al., 2009). Golparvar-Fard et al. (2011) point
out that the capacity of zooming the collected images allows, in
certain cases, for the safety inspection to be made remotely, reduc-
ing the frequency of the inspections on site.

2.2. Studies on unmanned aerial systems for safety management tasks

Few studies were identified in the literature that aimed to
develop solutions for improving the site conditions through the
use of UAS, but include Irizarry et al. (2012), Wen and Kang
(2014), Kim and Irizarry (2015), Irizarry and Costa (2016), Ham
et al. (2016).

Irizarry et al. (2012) conduct an initial evaluation of the use of
UAV as a tool to assist the safety management on construction
sites. The evaluation was based on the analysis of the technology
interface (design and system), and collection of the user perception
about the UAV visual assets for safety inspection. In general, the
evaluations had good results about the efficacy during the visual-
ization process, showing that UAV could be an efficient tool for
the inspection process.

Irizarry and Costa (2016) identified, through exploratory stud-
ies, potential applications of the visual assets (photos and videos),
obtained with the UAV. The results of some interviews carried out
in that study point out the potential use for project progress
monitoring, evaluation of the site logistic, safety conditions mon-
itoring, and inspection of the quality of performed services. Kim
and Irizarry (2015) also listed some critical factors and benefits
Table 1
Features of Project A and B.

Project Description

Project A Residential low income
Land Area: 150,000 m2

Built Area: 91,000 m2

Total of 1880 units: 91 5
5 3-story buildings
Construction time: 24 m
600 labor workers

Project B Residential high rise bui
Land Area: 2500 m2

Built Area: 151,578 m2

Total of 104 units: 1 26-
Construction time: 26 m
220 labor workers
that contribute or affect the UAV performance for safety
inspection.

Gheisari and Esmaeili (2016) identified practical applications of
UAVs in activities that can contribute to safety improvement, such
as in the cases of workers in areas close to load lifting (cranes),
workers close to unprotected borders (without guardrails or any
other protections against falling), implementation of post-
accident investigations and others. Additionally, those authors also
evaluate the technical features of UAV system required by the
safety users.
3. Research method

This work adopted a case study methodological strategy and
was performed according to the following stages: (a) literature
review about the use of UASs in engineering, construction mon-
itoring and safety inspection, (b) development of the case stud-
ies, including the evaluation of the applicability of UAVs for
safety inspection and analysis of the non-compliances based
on a safety standards, and (c) guidelines for the application of
UAV for safety inspection. These stages will be detailed as
following.

The study was carried out at two residential projects located in
Brazil. The construction sites studied were selected based on the
criterion established by ANAC, which allows flights with a mini-
mum radius distance of 5 km from airports and heliports. The main
features of each project are described in Table 1 and the character-
istics of the safety management process of each project are pre-
sented in Table 2.

Before starting the case studies, a set of forms used to support
the application of UAS for safety inspection was developed and
adapted based on Irizarry et al. (2015), and is described below.
Safety inspection focus

housing project Concrete pouring process; Roof process,
Assembly and disassembly of steel form works,
Assembly and disassembly of safety pavement
template works, Housekeeping, temporary
installation and wastes.

-story buildings and

onths

lding Facade process, Collective Protective
Equipment and Individual Protective
Equipment, Housekeeping, temporary
installation and wastes.story building

onths



Table 2
Safety management process characteristics of Project A and B.

Safety aspects Project A Project B

Team involved Project Manager, Field Engineer, Architect Manager,
Company Safety Manager, three Safety Personnel, five
Safety Trainees.

Project Manager, Field Engineer, one Safety Personnel and three Civil Engineer
Trainees

Daily Inspection Issuing Work Permit for: earthworks, electrical works,
work at high elevations and concrete pouring;

Equipment inspection using a standard checklist applied by the operator (crane
and lift);

Visual inspection for the other processes (form work
assemble and rebar); There is no formal inspection
checklist.

Visual inspection of: collective protection equipment, electrical works and
temporary installation; There is no standard safety inspection procedure.

Weekly Inspection Informal inspection processed by Safety Personnel Visual inspection
Monthly Inspection Outside Inspection (Headquarter team), focusing on

electrical works, worker facilities, and work at high
elevation. The headquarter team has the autonomy to
stop the works in case of irregularities;

There is no monthly inspection.

Equipment inspection using a standard checklist of
irregularities.

Table 3
Safety requirement of the checklist for snapshots types - for field.

Overview Close up view

1 Perimeter fencing 13 Exposed pieces of reinforcing
steel capped

2 All equipment, material, and
personnel traffic routes

14 Aerial work platform

3 Rebar and formwork pre
assembly area

15 Assembly and disassembly of
the forms

4 Material laydown areas 16 Area for refueling and
maintenance of equipment

5 Parking and emergency
evacuation routes

17 Scaffoldings

6 Waste containers 18 Cargo handling area signaling
7 Erosion control 19 Stalls for sand and gravel
Medium Altitude view 20 Working areas free for waste

and detritus
8 Workers protected from falling 21 Lifting loads
9 Safety nets, safety platform and

guardrails
22 Stocks of materials

10 Ramps, stairs and runways 23 Isolation of the area of cargo
operation

11 Workers wearing protective
equipment

24 Heavy equipment

12 Waste removed by chutes 25 Cranes, winch and truck crane

Fig. 1. DJI Phantom 3 Advanced with a tablet Samsung Galaxy Tab E 700 for display.

Roseneia Rodrigues Santos de Melo et al. / Safety Science 98 (2017) 174–185 177
� Planning Meeting Form: it determines, with project safety per-
sonnel and managers, the necessary information and workflow
conducted on jobsite. The data is related to information about
general aspects of the project, safety management process,
and flight plans.

� UAS Mission Checklist and Flight Log Data Form: form used
for pre-flight, during-flight, and pre-landing operations in order
to achieve an efficient flight, considering safety requirements
and the appropriate use of the equipment.

� Safety Checklist by Snapshot Types – Full Version: form used
to identify the safety requirements which might be visualized
using the UAS technology and to evaluate the non-
compliances with the safety items that were visualized. It was
adapted from the Brazilian Safety Regulation, called NR 18 -
Working and Environmental Conditions in the Construction
Industry (Brasil, 2015). Initially, the NR 18 requirements were
selected which could be visually verified outside of the build-
ings (a total of 60 items). The safety requirements were classi-
fied in three shot types: (a) Overview, including a general
view of the site, focusing on organization and housekeeping,
temporary installation and wastes; (b) Medium Altitude View,
involving requirements related to Collective Protective Equip-
ment and Individual Protective Equipment; and (c) Close Up
View, which was established for processes such as roof and
waterproofing, concrete pouring and masonry, earthwork and
foundation, equipment operation and facade.

� Safety Checklist by Snapshot Types – For Field: it involves a
summary of the Full version checklist, with a total of 25 items
(Table 3), in order to guide the pilot and the observer during
the data collection with the UAS. For example, item 17 from
Safety Checklist - For Field (Table 3) corresponds to three items
from Safety Checklist - Full Version: (1) Scaffolding leveled and
tied to structure, (2) Scaffolding with an adequate safety system
for workers, (3) Scaffolding is plumb and square, and with cross
bracing.

The equipment used in the study was DJI Phantom 3 Advanced
(Fig. 1), with Sony EXMOR camera ½0.300, 12.76 pixels of resolution,
image size of 4000 � 3000, creating pictures in JPEG and DNG for-
mat and videos in MP4.

The monitoring and safety inspection process with the use of
UAVs adopted in the case studies was divided into four stages:
(a) targets planning, (b) data collection with UAV, (c) data process-
ing, and (d) data analysis, as presented in Fig. 2.

The target planning stage sought to define the points of interest
for monitoring and inspection with the project personnel based on
preliminary analysis of work conditions, and the establishment of
takeoff and landing points on the jobsite. A Planning Meeting Form
was used at this stage. For all flights, at least three members of the
research team were involved, including the pilot, the observer who
guided the pilot for the safety inspection data collection, and a sec-
ond observer to focus on the safety of the flight (aircraft and sur-
rounding area, such as birds and obstacles).

The data collection with UAV aimed to inspect the safety condi-
tions on jobsite through the visual assets. In that stage, the UAS
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Fig. 2. Safety inspection protocol with UAV.
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Mission Check List and Safety Checklist by Snapshot Types – For
Field were used to ensure the compliance with the safety proce-
dure during flight and to guide the collection of the visual assets
based on the safety requirements established, respectively. A total
of 26 flight tests were performed with an average time of 9 min
each. The number of pictures, video recording and flight parame-
ters were catalogued, as shown in Table 4. After the flights, a feed-
back meeting with project personnel and managers for the
immediate assessment was also organized. All visual assets col-
lected during the site visits were made available for the project
personnel a few hours after the flight for their analyses.

In the lab, the data collected was fully processed based on the
Flight Log Data Form and Safety Checklist by Snapshot Types - Full
Version (60 items). A database of safety inspection items and visual
assets was created. In total, 8 inspections were performed, four for
Project A and four for Project B. Due to the large number of visual
assets collected, a smaller set of visual assets for safety analysis
was selected, that considered a number of visual assets that could
verify all requirements. A total of 6 to 8 visual assets were selected
per inspection.

Two analyses were carried out based on the visual assets
selected. The first one aimed to evaluate the applicability of the
UAV for safety inspection. It consisted of verifying whether each
safety item of the Safety Checklist - Full Version could be visualized
using any of the visual assets collected. For that, the following cri-
teria were: Yes (visualized), No (not visualized), or NA (Not Appli-
cable). Items not visualized through the assets were justified based
on one of these criteria: N1-Inspection incomplete, N2-Limitation
of technology or N3-Image without details.

The second analysis aimed to evaluate the non-compliance with
the safety requirement that could be visualized in the first stage,
according to the Brazilian Safety Regulations, specifically NR 18
(Brasil, 2015) and NR 35 (Brasil, 2014), established by the Ministry
of Labor and Social Security. The NR-18, which aims to implement
control measures and preventive safety systems, presents a set of
Table 4
Visual assets data collection.

Project Period Number of visits/
number of flights

Number of pictu
collected

A Oct/15 to Mar/16 4/14 579
B Nov/15 to Mar/16 4/12 935
guidelines that must be followed by the construction industry,
whereas the NR-35 presents a set of directives for work at high ele-
vation. For that second analysis, the following criteria were used:
according to safety standard (green), not according to safety stan-
dard (red), or not observed (white). The criteria adopted allowed
for the monitoring of the safety conditions through the item status
at each visit. Due to an exploratory characteristic of this study, this
second analysis was performed after all flights and this piece of
information was provided to project personnel in a report in the
end of the study.
4. Results

4.1. Applicability for safety inspection

Analyzing the results obtained with the association of the visual
assets collected with the UAS during site visits, 57% and 38% of the
applied items of the Safety Checklist could be visualized in Project
A and Project B, respectively (Fig. 3). The high percentage of non-
applicable safety items occurred because several items from med-
ium and mainly close up view are specific to a certain construction
phase that was not happening at the moment of the inspection.

At Project A, the reason that 8% of the safety inspection items
were not visualized was due to a failure in the inspecting proce-
dure, meaning that despite the fact that the item could be
inspected, the information required was not collected during the
flight (N1 - incomplete inspection). Examples of items which were
not properly inspected during some of the 14 flights are: the
assembly and disassembly of the forms, lifting loads protected
from falling and signaling and isolation of cargo handling area.
Those failures happened due to the large area of the construction
site (150,000 m2) and the high number of tasks being performed
simultaneously (in this project, the structure activity cycle time
was 10 apartments per day). Also, for 4% of the safety
res Number of pictures
used for safety checklist

Time of video
recording

Total flight
duration (h)

23 39:02 2:07:43
23 16:37 1:47:34



57% 
35%

4% 4% 

Project A 
Visualized

NA- not applicable

N1- incomplete inspection

N2- limitation of
technology
N3- image without enough
detailing information

38%

35% 

15%

10% 

2% 
Project B 

Visualized

NA- not applicable

N1- incomplete inspection

N2- limitation of
technology
N3- image without enough
detailing information

Fig. 3. Results of the analysis of the Safety Checklist and visual assets.
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requirements, the visual assets collected did not provide enough
information for the inspection (N3 - image without enough
detailed information), such as a ramps or runways protected by
guardrails and free of obstruction, aerial work platform protected
by guardrails and lifting loads protected from falling. These two
findings indicate a need for a more accurate inspection during
flights, including better pilot and observer training.

At Project B, due to the vertical character of the building and the
focus on the façade, 10% of the non-visualized safety inspection
requirements, such as rebar and formwork pre assembly area
and ramps or runways protected by guardrails, were related to
the limitation of technology. Furthermore, 15% of the non-
visualized safety inspection items were related to incomplete
inspection. Some examples of this problem are workers protected
from falling, workers wearing protective equipment especially in
work at high elevation and assembly and disassembly of the forms.
Several factors contributed to those failures, such as: the fact that
the protecting net along the façade was a barrier against detailing
inspection; the limited altitude of 60 m for UAVs in urban areas
was a barrier for inspecting the top of the 80 m tall building; the
constrained construction site as well as the strong winds in the
location limited the use of the technology.

Analyzing the results of the Safety checklist by snapshot (Fig. 4),
and considering only the applicable safety items, 96% and 88% of
the Overview safety items were visualized for Project A and Project
B, respectively. For the items proposed for the Medium altitude
view, 96% and 70% items applied for Project A and Project B,
respectively, could be visualized. However, the inspection related
to the Close up view was a challenge, mainly for Project B, and it
was only possible to inspect 48% of the items.

The Close up view requirements regarding scaffoldings and lift-
ing loads operations by crane, such as the isolation of cargo oper-
ation areas (presented at Table 3) were especially difficult to
inspect in Project B. The visualization of some activities occurring
on specific points of the facade was hampered by the limited alti-
tude of flight (ANAC requirements). The non-visualization of the
items related to the crane was caused mainly by: the interruption
of the cargo operations during the UAV flights for safety reasons;
48%

0% 20% 40% 6

Overview

Medium

Close Up

Fig. 4. Percentage of safety inspection re
and the limited flight area around the crane in consequence of
the amount and proximity of neighboring buildings surrounding.

4.2. Analysis of non-compliance with the safety requirements

The results of non-compliance analysis of the safety require-
ments present the evaluation of the safety conditions on the two
construction sites studied along four inspections in different peri-
ods of time.

4.2.1. Project A
Based on the results presented on the previously section, only

34 items visualized (that correspond to 57% of the items) were con-
sidered for the analysis of non-compliances in Project A. Table 5
shows the data from the inspections performed, which is organized
by snapshot type. For the percentage of non-compliances (%NC)
observed, only the items actually inspected for each visit were con-
sidered. The items occasionally not inspected were classified as N1,
N2, N3 or N/A as described in the previous analysis (Fig. 3).

Table 6 shows some safety requirements from the Safety Check-
list by Snapshot Types – Full Version that presented non-
compliances. These items were chosen by representing unsafe con-
ditions, physical causes and unsafe acts in Project A. The non-
compliances identified can be visually in Fig. 5, but some non-
compliances are observed in detail only through the zoom.

During the different inspections, the Overview items main-
tained a regular percentage of non-compliances observed (8–9%),
with no correction to some of the requirements, such as waste con-
tainers protected from rain or covered by canvas (Table 6 and
Fig. 5a).

For the items evaluated at Medium View level, an increase of
17–37% of non-compliance with the safety requirement was
observed (Table 5). The main safety non-compliance requirements
found in Project A during the four inspections were related to the
lack of use of Personal Protective Equipment (PPE), and the absence
or inappropriate condition of the Collective Protective Equipment
(CPE), specifically safety platforms (Table 6). In this case, although
the PPE were available in the project, many workers who were in
88% 

70% 

96% 

96% 

79% 

0% 80% 100%

Project A

Project B

quirements visualized by snapshots.



Fig. 5. Examples of non-compliances observed on Project A: (a) Waste unprotected from rain; (b) Workers without hard-hats and personal fall arrest systems; (c) Safety
platforms not installed on the entire perimeter of the building; (d) Workers on the roof unprotected from falling; (e) Inappropriate use of hard-hats; (f) There is not isolation
of areas for loading and unloading of materials.

Table 6
Safety Checklist for Snapshots Types - Example of analysis of non-compliances (Project A).

Snapshots types Non-compliances identified - Project A 1st Insp.
(Oct/15)

2nd Insp.
(Nov/15)

3rd Insp.
(Dec/15)

4th Insp.
(Feb/16)

Overview Waste containers protected from rain or covered by canvas

Medium view Workers wearing protective equipment (hard-hats, boot, appropriate clothes and personal fall
arrest systems for high elvation services)
Safety platforms free from unforeseen overload (dirt, debris, people, equipment, tools), with
the full floor carpeting and installed on the entire perimeter of the building

Close up (Roof) Workers who are on the roof (or last built floor) are protected from falling (personal fall arrest
systems with safety belt connected at lifeline or guardrails)

Close up (Concrete
and mansory)

Workers who are exposed to services of framework, concrete and mansory wearing protective
equipment (hard-hats, boot, appropriate clothes and personal fall arrest systems for high
elevation services)

Close up
(Equipement
Operation)

There are isolation and demarcation of areas for loading and unloading of materials by crane,
winch, truck crane, etc. Access is only allowed to personnel involved in the operation

Legend:

Item according to safety standard.

Item not according to safety standard.

Not observed.

Table 5
Percentage of non-compliances per inspection (Project A).

Snapshot types 1st inspection (Oct/15) 2nd inspection (Nov/15) 3rd inspection (Dec/15) 4th inspection (Feb/16)

Items inspected % NC Items inspected % NC Items inspected % NC Items inspected % NC

Overview (12*) 12 8% 12 8% 11 9% 11 9%
Medium View (6*) 6 17% 6 33% 5 20% 8 37%
Close Up View (16*) 14 21% 13 15% 16 6% 19 16%

Legend: (*) Total of items visualized in each snapshot type for Project A.
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less visible places end up being negligent in the use of the equip-
ment, leading to unsafe work conditions (Fig. 5b). A clear example
is the workers with the safety belt not connected to a life-line in
working at high elevation (Fig. 5d).

Concerning the Close Up View, there was an improvement in
the conditions related to safety regardless of signaling and demar-
cation of storage of materials and work areas. However, problems
related to Collective Protective Equipment (CPE) were also
identified.

4.2.2. Project B
In Project B, as in Project A, only the items visualized in the

Safety Checklist - Full Version for the analysis of non-
compliances were considered. For this purpose, 22 items were
taken into account, which correspond to the 38% presented in
Fig. 3. Table 7 shows the data from the inspections carried out,
organized by snapshot type.

According to the results shown in Table 7, during all inspections
high rates of non-compliances were observed. For the Overview
items, a regular percentage of non-compliances was maintained.
Table 7
Percentage of non-compliances (%NC) per inspection (Project B).

Snapshot types 1st inspection (Nov/2015) 2nd inspection (Dec/2

Items inspected % NC Items inspected

Overview (7*) 7 57% 7
Medium view (4*) 5 60% 6
Close up view (12*) 10 50% 12

Legend: (*) Total of items visualized in each snapshot type for Project B.

Table 8
Safety Checklist for Snapshots Types: items non compliances (Project B).

Snapshots Non-compliances identified - Project A

Overview Traffic routes of equipment, materials and people inside the
clear)
The materials should be stored so as not to hinder the traffi

Waste stored appropriately

Waste containers protected from rain or covered by canvas

Medium view Workers protected from falling (Safety guardrails, safety ne
boards on site)
Safety platforms free from unforeseen overload (dirt, debris,
the full floor carpeting and installed on the entire perimete
Workers wearing protective equipment (hard-hats, boot, ap
fall arrest systems for high elevation services)
In the gutter discharge point for waste removal/transport th

Close Up (Pouring
Concrete and
Masonry)

The storage of aggregates is done in order not to impair the
not to jeopardize the safety
The stocks of steel bars are protected from rain or covered w

Workers who are participating in the concreting or masonry
falling (personal fall arrest systems, safety guardrails, safety

Close up (Equipment
Operation)

There are warning signs and isolation of the cargo handling

There are isolation and demarcation of areas for loading and
crane, winch, truck crane, etc.

Close up (Façade) Aerial or elevating work platforms leveled

Workers who are on façade are using protective equipment
clothes and personal fall arrest systems for high elevation s
Scaffolding suspended platform with adequate safety system
safety nets, life-line, handrails and toe boards)

Legend:

Item according to safety standard.

Item not according to safety standard.

Not observed.
Among the recurrent problems the accumulation of waste, the
materials improperly stored and blocking the traffic routes inside
the jobsite can be highlighted (Table 8 and Fig. 6a and b).

During the inspection process, an important downgrade of the
safety conditions was observed, highlighted by the lack concerned
about this subject. This behavior maybe be associated with the end
of concrete structure and external masonry services. However, it is
noteworthy that some safety items were not even observed due to
UAV flight being hampered unfavorably by the weather conditions,
and legislation limiting airspace.

In this project, it was evident that some non-compliances iden-
tified along the study were not fixed subsequently, and preventive
actions did not happen with the appropriate frequency. Such con-
ditions may be justified by the lack of a safety monitoring system
with structured procedures. Most of the safety procedures were
based only on visual and subjective inspections conducted by a
safety inspector. In addition, it is important to highlight the need
for an appropriate size of staff to carry out such activities, due to
the large amount of services happening at the jobsite simultane-
ously which require safety personnel support.
015) 3rd inspection (Feb/2016) 4th inspection (Apr/2016)

% NC Items inspected % NC Items inspected % NC

57% 7 57% 7 57%
67% 5 60% 4 75%
50% 9 56% 9 86%

1st Insp.
(Nov/15)

2nd Insp.
(Dec/15)

3rd Insp.
(Feb/16)

4th Insp.
(Apr/16)

jobsite (should be clean and

c of people and equipment

ts, life-line, handrails and toe

people, equipment, tools), with
r of the building
propriate clothes and personal

ere is a closing device

integrity of the materials so as

ith canvas

service, are protected from
nets, life-line)

area.

unloading of materials by

(hard-hats, boot, appropriate
ervices)
for workers (safety guardrails,



Fig. 6. Examples of non-compliances observed on Project B. (a) Backlog of waste in traffic routes; (b) Improper storage of aggregates and ceramic bricks; (c) Damaged
guardrails; (d) Damaged safety nets; (e) Safety platforms with unforeseen overload (people and scaffolding); (f) Safety platforms with uncompleted floorboard; (g) Steel bars
storage unprotected from rain; (h) Lack of isolation in the cargo handling area.
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For the Close up View, a lack of materials’ management was
noted, such as the storage of aggregate and steel bars (Fig. 6g),
along with the inefficient protection against falls for the external
masonry installation (Fig. 6c and d), lack of signaling and isola-
tion during the loading and unloading operations (6 h). In this
last case, such problems are associated with the restricted space
of the jobsite, so these operations have to take place on public
roads, increasing the risk of accidents. On the façade, the
unevenness of scaffoldings (Fig. 6e) stands out and the degraded
conditions or even the lack of safety nets and safety platforms
(Fig. 6d and f).
5. Barriers, benefits and guidelines for the applicability of UAS
for safety inspection

Throughout the study, a set of benefits and barriers were iden-
tified for the application of UAS for safety inspection.

The main reasons for the non-visualization of the safety items
in the first analysis performed were categorized as inspection
incomplete, limitation of the technology and images without
enough details. One barrier which influences the non-completion
of the inspection was the complexity of the missions and project
features, including projects located in high or low population



Roseneia Rodrigues Santos de Melo et al. / Safety Science 98 (2017) 174–185 183
density areas and project size (horizontal or constrained jobsites).
Other factors are the training and experience of the pilot and
observer UAS staff and the impact of weather conditions during
the flight (high wind speed and rain). These factors corroborate
with Kim and Irizarry’s (2015) findings. In terms of the limitation
of the technology, the current legislation influences the height of
the inspection. For example, ANAC establishes a limit for the flight
altitude of 60 m, which was a barrier to the visualization of the roof
and the last stories of the façade in Project B. Finally, despite few
problems related to images without details in both studies, this
can also be related to the effective technology operational training.

The characteristics of the process and the team inspection also
influenced the results, as also noted by Kim and Irizarry (2015),
including the user’s ability to control the UAV, the adequacy of
resources for UAV use as a safety monitoring system, the efficiency
of the inspection procedures and prior knowledge of the safety
items. All these factors can influence the monitoring process at
the site with UAV positively or negatively (Kim and Irizarry, 2015).

The second analysis performed focused on the analysis of the
non-compliance with the safety requirements, in order to assess
the potential use of the visual asset for the inspection purpose,
as well as to understand how this inspection could contribute to
the safety management system in place at the projects studied.
The low level of non-compliance with safety inspection in Project
A could be related to the safety management system in place for
this project. This project had daily, weekly and monthly safety
inspections and a safety team of 9 people directly involved with
safety at the site (see Table 2 previously presented). The results
showed that the application of the UAV for safety inspection on
this site was useful, especially regarding the increase of trans-
parency of unsafe conditions. However, despite the feedback meet-
ings and availability of the visual assets, few corrective actions
were effective implemented in real time. It was difficult to analyze
the large data base of visual assets collected in one visit, and the
selection of a set of photos and videos showing more critical safety
requirements in a more effective way was necessary.

On the other hand, Project B presented high levels of safety non-
compliance with requirements exemplified by several situations of
unsafe conditions. During the feedback meeting with the project
personnel team, this level of non-compliance was a surprise for
them. In spite of the few improvements that were observed in
the following inspections, a large amount of non-compliances
Table 9
Benefits and barriers for the applicability of UASs for safety inspection.

Aspects Benefits

UAS procedure and technology -
Target Planning

& Identification of safety point of interest.

UAS procedure and technology -
Data collection and processing

& Inspection’s time reduction due to the flexi
itoring different activities at the same tim

& Simplification of the inspection stages thro
extra manual data collecting (reducing sta

& Ease use of technology;
& Data standardization, reducing variability.

UAS procedure and technology -
Data analysis and improvement
actions

& Increase of the transparency of the unsafe
& Detailed information about unsafe and saf
& Record of safety non-compliances requ

good practice, allowing the analysis f
perspectives;

& Use of indicators and information for deci
& Use of the visual assets and the results fr

for safety education.

People and safety system & UAS Cost-benefit feasibility (low-cost
maintenance technology);

& Potential improvement of worker behav
safety.
could still be observed. One of the barriers to this project was a
very limited safety team and poorly structured safety system in
place. Especially in this type of situation, it seems that the UAV,
as a tool to support the management safety systems, could con-
tribute with valuable information from different levels about the
jobsite work conditions.

Based on the results, a set of benefits and barriers that could
influence the applicability of UAV for safety inspection on jobsites
was identified (Table 9).

A set of guidelines was proposed based on the literature review
and the results obtained in the case studies. These guidelines fol-
low the steps developed on the safety inspection protocol, consid-
ering only safety requirements located outside area of the
construction, and using a quadcopter UAS with less than 25 kg pro-
duced by a commercial manufacturing.

5.1. Target planning

The knowledge of the project features and expertise of the pilot
and observer related to the use of the technology as well as the
safety requirements for the project is essential for the decision
about the point of interest for safety inspection. The recommenda-
tions for this stage are the following:

(a) To learn about the project’s safety management, promoting
the integration between the technology and safety system.

(b) To perform education campaigns for workers, explaining the
benefits and drawbacks about the use of UAVs for safety
inspection.

(c) To use a protocol (such as, the Planning Meeting Form) in
order to be familiar with the general information of the pro-
ject, safety management, as well as flight plan definition
(Irizarry et al., 2015).

(d) To establish good communication and effective commitment
of safety team in regards to the inspection process with the
UAV.

(e) To guarantee pilot and observer operational training for the
use of UAVs and for the safety criteria to be inspected (Kim
and Irizarry, 2015; Irizarry et al., 2015).

(f) To align with the safety project team, the critical points that
need to be inspected with the UAV, considering the risks and
unsafe conditions (Irizarry et al., 2015).
Barriers

& Physical barriers (buildings, light poles, trees, electrical wir-
ing and others);

& Weather conditions.

bility on mon-
e;
ugh reducing
ff);

& Law regulations requirements (height limited);
& UAS Training for pilot and observer;
& Safety prior knowledge for pilot and observer;
& Large data base of visual assets;
& Poor view of internal areas.

conditions;
e conditions;
irements and
rom different

sion making;
om inspection

& Manual data analysis of the visual assets;
& Need to improve real time feedback for workers (direct

interaction between UAV and workers);
& Need to provide real time information for safety personnel

workers (direct interaction between UAV and safety
personnel).

purchase and

ior related to

& UAV’s integration with the project’s health and safety man-
agement system;

& Resistance to the adoption of new technologies;
& Poorly structured safety management system on jobsite.
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(g) To establish the sequence of points to be monitored for
inspection in order to promote the data collection efficiently
and battery optimization.

(h) To identify possible interferences during the flight, such as
cranes, and other obstacles that could compromise the flight
safety, as well as analyzing the points of the aircraft takeoff
and landing (Irizarry et al., 2015).

5.2. Data collection and processing with UAV

The record of the non-compliance and detailed information
about safe and unsafe conditions has an important role in the
safety inspection. Therefore, the use of the UAS technology could
permit the registry of several safety requirements, which can be
analyzed from different perspectives. However, there is a need
to develop processing methods to provide real time information
to support management safety decision making and to interact
with workers. The guidelines related to this stage are the
following:

(a) To standardize the data collection process in order to sim-
plify the process by eliminating redundant information col-
lected and reducing inspection time. This standardization
can be achieved with the application of safety inspection
checklists with UAVs (for instance UAS Mission Check List,
Flight Log Data Form and Safety Checklist by Snapshot Types
– Full Version).

(b) To establish the frequency of inspection of safety items,
according to the need for information.

(c) To promote direct interaction between the safety inspector,
UAS and workers.

(d) To process the data right after the flights, to make the imme-
diate intervention easier (Irizarry et al., 2015).

5.3. Data analysis and actions for improvement

To promote the effective use of the visual assets, there is a need
to engage the people involved with the safety inspection in order
to develop a critical analysis concerning the data and information
provided by the visual assets, taking into consideration the safety
legislation in place. The main guidelines for this stage are pre-
sented as following.

(a) To promote the re-analysis of the collected visual assets in
order to avoid the subjective evaluation by different
inspectors.

(b) To develop mechanisms to automate the analysis of the
visual assets.

(c) To define safety indicators to measure the effectiveness of
safety management, and assess the impact of UAVs on the
performance of the inspection process.

(d) To promote regular meetings with employees and the man-
agement team to present and discuss the results.

(e) To use the collected visual assets for safety training, giving
examples of acts and unsafe conditions experienced at the
jobsite.

(f) To propose corrective and timely preventive actions, based
on the increased transparency provided by the visual assets,
leading to the reduction in accident rates.

6. Conclusion

The aim of this study was to evaluate the applicability of UAV
technology for safety inspection on jobsites, focusing on the capa-
bility of non-compliance identification from UAV visual assets, that
can provide the visualization of unsafe conditions. Additionally,
this study aims to propose a set of guidelines to use the UAV for
safety inspection. A database of photos and video recordings was
collected by UAV flights at two active construction sites in Brazil.
The results show that the UAV allows for a good visualization of
working conditions and can provide valuable information about
the compliance with safety regulations on site.

The main contribution of this study is the development and
the validation of a process for safety inspection with UAV (target
planning, data collection, data processing and data analysis),
including procedures and guidelines for its applicability. A set of
forms used such as, Planning Meeting Form, UAS Mission Check-
list, Flight Log Data Form and Safety Checklist by Snapshots
Types, was based on Irizarry et al. (2015), which were associated
with safety requirements and procedures in Brazil. This form
standardized the data collection, increasing data reliability. Two
indicators were proposed to assess the applicability of the UAS
for safety inspection: the Visualization and Non-compliance with
the safety requirements. In addition, a set of guidelines prescribes
the steps and recommendation for the application of UAS for
safety inspection.

The different snapshots have shown an interesting way to col-
lect the safety inspection items. The overview provides general
information about the site organization and housekeeping and
medium and close up view provide more specific information
about the safety items. Valuable safety condition information
can be obtained at the medium and close up inspections, which
could be noticed by using the metrics ‘‘Visualization of the
safety requirements” and ‘‘Non-compliance with the safety
requirement”.

Despite the large number of visual assets that can be taken in
one flight, with a small set of visual assets it is still possible to have
an important diagnosis about the safety conditions of the construc-
tion site. For instance, a total of 6–8 visual assets were selected per
inspection for the non-compliance analysis. This shows that with
one image it is possible to evaluate several items. Moreover, the
safety checklist can be adjusted for specific phases of the construc-
tion, making the inspection more accurate and providing feedback
on real time actions. An effective flight for safety inspection
depends heavily on the knowledge of the pilot, observer and pro-
ject personnel involved, in terms of what they want and need to
see. There are also some barriers related to technology, law regula-
tions, people and safety systems which still limited the use of UAV
for safety inspection.

Despite the validation of processes for using UAS and safety
inspection, there is still difficulty with the effective incorporation
of the UAV technology into the safety inspection routine. New
studies are under development in order to evaluate the impact of
the safety inspection with the support of UAV in a systematic
way, focusing on faster feedbacks, allowing immediate corrective
actions, reducing the safety inspection time and simplifying the
safety inspection process. There is an expectation that these results
can contribute to the decision-making process and increase the
effectiveness of the safety inspections, although these impacts
have not been measured thus far.
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