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ABSTRACT

Smartphones can play a significant role in enhancing safety at construction sites. They
can contribute to safety in communication and emergency response, providing access
to safety information, navigation and location services through wearable technology.
Although smartphones can address all of this, it is important to establish and enforce
policies regarding their use to ensure that they do not become distractions that com-
promise safety on the construction site. In this research, a safety system to monitor
smartphone use by construction workers has been developed. The system detects the
use of smartphone through an inertial measurement unit integrated in a safety hard
hat to track the motion and orientation of workers, providing valuable data for safety
monitoring. The system has been shown to be easy to configure and highly robust
and reliable.
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INTRODUCTION

Smartphones and new technologies can offer several advantages in terms of
safety on construction sites (Nnaji et al., 2019; Rey-Merchán et al., 2020).
They can enable instant communication among construction workers, super-
visors, and other actors (Hasan et al., 2019). In emergencies or critical
situations, quick communication can be crucial for coordinating responses
and ensuring everyone’s safety; in this sense smartphones can be used to track
the location of workers in real-time (Sulaiman & Yong, 2015). In case of an
emergency, this information can be invaluable for emergency response teams
to locate and assist individuals quickly (Kim et al., 2017). Some construc-
tion companies also use smartphone apps to monitor worker’s health and
well-being, and they can be valuable tools for safety risk recognition on con-
struction sites when equipped with the right applications and features (Duan
et al., 2023; Rey-Merchán et al., 2021).

Although smartphones offer numerous benefits in construction projects by
improving management and the communications between workers, their use
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can also pose safety challenges if not managed properly. Different authors
have identified some potential safety issues associated with the use of devices
in construction, as follows.

Distractions

Workers using smartphones for personal calls, texting, or browsing may
become distracted from their tasks, leading to an increased risk of accidents
and injuries: they are not fully attentive to their surroundings, machinery, or
potential hazards, putting themselves and others at risk. These add to other
sources of distractions, such as mental stress, poor working conditions and
lack of safety initiative (Nnaji & Gambatese, 2016), noises at construction
site (Ke et al., 2021), and people and external activities (Gupta et al., 2022).

Proximity to Hazardous Areas

In certain situations, workers might use smartphones in close proximity to
hazardous areas, which can lead to potential dangers around them (Rao et al.,
2022).

Communication Overload

Additionally, excessive communication through smartphones can lead to
information overload, causing workers to miss critical messages or updates
(Jiang et al., 2022).

All these cited risks are commonly associated with incidents, accidents, and
mental fatigue. However distraction is considered the main cause of unsafe
behaviour and safety performance degradation (Ke et al., 2021). Distractions
lead workers to recognize a smaller proportion of safety risks, and haz-
ard recognition performance is lower compared with non-distracted worker
(Namian et al., 2018).

Then, to mitigate construction accidents, the reduction of distractions at
the construction sites is a key factor. Previous authors proposed monitoring
construction workers’ attention using electroencephalography system (Wang
et al., 2017). Aligned with these preventive strategies, other monitoring sys-
tems have been demonstrated as effective tools to reduce and mitigate safety
risks in construction sites (Gomez-de-Gabriel et al., 2019; Gómez-de-Gabriel
et al., 2023; Rey-Merchán et al., 2021).

Based on previous findings, in this work, a safety system to monitor smart-
phone use by construction workers has been developed in order to control
the properly use of smartphone by workers in construction environments.

PROPOSED APPROACH

In this section we describe the different components of the proposed system.
It is composed of a microcontroller module (M5Stack with ESP32 processor
and sensors) integrated in a safety hard hat plus a battery.

The M5 stack is a modular development kit based on the ESP32 micro-
controller. It is known for enabling versatile and easy-to-use development
platforms that integrate various sensors, displays, and input devices into a
compact and stackable design system. The core of the module, a powerful
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microcontroller that includes Wi-Fi and Bluetooth connectivity. The ESP32
microcontroller is widely used in IoT (Internet of Things) projects due to its
features and capabilities. In our case, the module, includes an inertial mea-
surement unit (IMU). The 6-Axis IMU Unit from M5Stack (MPU6886) is a
six-axis altitude sensor comprising a three-axis gravity accelerometer and a
three-axis gyroscope, capable of calculating real-time inclination angle (pitch,
roll and yaw) and acceleration (x,y,z). The signals received were processing
by the system using a Bayesian filter and the system provides the probability
of the worker is handling and looking the smartphone.

Figure 1: Different captions of the components of system composed by hard-hat,
M5Stack, and battery.

EXPERIMENTAL RESULTS

The system has been tested in a controlled environment in a laboratory where
the worker was not exposed to any occupational risks. The worker walked
some meters in a corridor both using and not using the smartphone. Our
system, processing the different variables provided by the IMU (acceleration
and gyro) detects whether the worker has stopped and if he is looking at
the smartphone display or not. If the worker is walking and looking at the
smartphone simultaneously, a warning signal is generated.

Figure 2: Plot results of the pitch, roll and yaw angles provided by the system in
Experiment 1.
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Figure 3: Plot results of the gyros provided by the system in Experiment 1.

The results have been positive in the five experiments. Based on the sig-
nals of the IMU. The system detects with a probability higher of 80%, if the
worker was looking the smartphone while he was walking.

LIMITATION OF THE STUDY

In order to improve its development, additional experiments in different real
situations should be carried on. Another limitation of this research is the no
risk environment were the samples were obtained. Real construction sites
include multiple risk and danger situations which have diverse influences in
the data obtained. Although it is not admissible to test the system expos-
ing the worker to real risks, some simulated ones could be considered in a
controlled environment for future field tests.

CONCLUSION

The system detects the use of smartphone through an inertial measurement
unit in order to track the motion and orientation of workers, providing valu-
able data for safety monitoring. The system has been shown to be easy to
configure and highly robust and reliable. It respects the privacy of the worker
because it does not collect any personal information, and it detects the use of
any smartphone (personal or company device) without invading or using the
software of the phone. Although the proposal shows robustness, it could be
confused in fuzzy situations. Then it is important to increase the number of
experiments and measures for a more accurate development of the system in
a diversity of situations. In future research higher number of real situations
should be tested.
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