EEEIC2023

MADRID SPAIN
JUNEOG'"-08°"2023

Conference Proceedings
2023 IEEE International Conference

on Environment
and Electrical Engineering

and 2023 IEEE Industrial and Commercial Power
Systems Europe

(EEEIC / I&CPS Europe)
6 — 9 June, 2023, Madrid, Spain

Editor: Zbigniew Leonowicz

Copyright and Reprint Permission: Abstracting is permitted with credit to the source. Libraries are permitted to photocopy
beyond the limit of LS. copyright law for private use of patrons those articles in this volume that carry a code at the bot-
tom of the first page, provided the per-copy fee indicated in the code is paid through Copyright Clearance Center, 222
Rosewood Drive, Danvers, MA 01923, For reprint or republication permissicn, email to IEEE Copyrights Manager at
pubs-permissionsi@iese org. All rights reserved. Copyright ©2023 by IEEE..

All rights reserved. Copyright ©2023 by IEEE.

Conference Record & 57605
Part Number: CFP23511-CDR 15BN 979-8-3503-4742-5

For all technical inquiriss regarding your CD, contact: EEEIC International, Lososiowics 38. Wolow, 36100, POLAND, pofeesic.eu, phone ++85031 33050




GENERAL CHAIRS

Rodolfo Araneo and Luigi Martirano
Department of Astronautical Flectrical and Enerzy Engineering
University of Fome “La Sapienza”™

CHAIRS
Local Co-Chairs: Edgardo D. Castronuoveo, Pablo Ledzma - University Carloz 111 de Madrid

Technical Program Chairs: Andrea Bonfiglio -University of Genoa & Erka Stracqualurzi— Univerzity of Rome “La
Sapienza”™ & Mosztafa Kremani — Chalmerz Univerzity

Web & Publications Chair: Zbigmiew Leonowicz - Wroclaw University of Science and Technology
Tracks & Seszions Chairs: Maszimo Mitolo - Irvine Valley College & Osama A. Mohammed - Florida International
University
Communications Chair - Aleszandro Ruvio - University of Eome “La Sapienza®
Special Sessions Chairs: Fabio Bizegna - University of Rome “Sapienza”& Gaetano Zizzo— University of Palermo
External Relations Chair - George Criztian Lazaroiu - University Politehnica of Bucharest
Technical Activities Chairs — Stefano Lauria - University of Rome “La Sapienza” & Michal Jazifski - Wroclaw
University of Science and Technology
Publicity and Public Relation Chair: Chiara Boccaletti - University of Rome “La Sapienza”™
Industrial Relationz Chairs: Alberto Reatti - Univerzity of Genoa & Pablo Arboleyva — University of Oviedo
University Relations Chair -Laurent Canale - Univerzité de Toulouze & Luigi Calcara - Univerzity of Rome “La
Sapienza”

Students Activities Chair - Sabina Rosiek-Pawlowzka- Wroclaw Univerzity of Science and Technology &

Cristina Mozcatiello - Univerzity of Rome “La Sapienza”

INTERNATIONAL STEERTNG COMMITTEE

G. Ala Italy E. Gono Czech Republic M. Mitolo USA
R Araneo Italy 5. M. Halpin TUSA C. A Nucci Italy
F. Bisegna Italy M. P. Kazmierkowski Poland . Parise Italy
J. Brandao Faria Portuzal M EKlingler France F Rachidi Switzerland
M. C. Falvo Italy Z Lecnowicz Poland A Reatti Ttaly
S.Favuzza Italy L. Martiranc Italy H Schwarz Germany
F. Fotadelli Italy 5. Massucco Italy

EEEIC 13




TECHNICAL PROGRAM COMMITEE

Norma Anglani /Ttaly'
Pablo Arboleya /Spain/
Jaser A Sa’Ed /Palestine/
Samd Barmada /Tealv'
Fabioc Bisegna /Ttaly/
Massimo Bongiorno /Sweden/
Morris Brenna /Ttaly'
Wesley Calixto /Brasil/
Elder Geraldo Domingues Brazil/
Roberto Faranda Ttaly/
Salvatore Favuzza /Ttaly/
Farivar Faze lpourTran/
Apnss Gabash /Germany/
Martano Gallo /Ttaly/
Przemyslaw Janik Poland’
Michal Jasinski /Poland/
Sergey Kovalenko /Latvia/

SESSION ORGANIZING COMMITTEE:

Alessandro Lampasi /Traly/

George Cristian Lazaroin [Fomania/

Fabio Massaro /Ttalia/
Stamislav Misak /Czech Republic/
Antonio Mereno-Munoz /Spain/
Usman Nasir TSA/
Ermicos C Pavlis MUSA/
Davide Poli /Ttaly'

Farhad Rachidi /Switzerland/
Alberto Reatti /Ttaly/
Pierhug Siano /Ttaly/
Giorgio Sulliged Ttalv'

Renata Varfolomejeva Latvia/

Silvano VerguraTtaly'
Gaetano Zizzo /Ttaly/

Gianfranco Di Lorenzo
Costanza Vittoria Fiorim
Alessandro Flamini
Aleszandro Galasso
Ficcardo Loggia
Andrea Massacessi
Laura Pompei

R 2




242 Work Safety in Shipyard Workshops: an Applica- | Gilanluca Scaccianoce™®; Mana La Gemnmsa; Silvia
tion to a Case Study Penmizi; Daniele Enea; Aurora Bondi
243 | Energy, emvironmental economic and exergy anal- | Axel Masulli; Alessandro Ciancio®; Laura Pompei;
ysis of different heating systems for a residential Fabio Nardecchia
building
244 | Prosumer energy management under controllable Nikeolaos 5. Kelepouns®; Dimitrios Kelepouris;
power transactions with the grid Aggelos 5. Bouhouras; Georgios C. Chnstofondis
245 | Inwestigation of Confrolled Fault Internuption Strat- | Simone Cami®; Simone Negni; Marco Fiva; Fob-
egies in Isolated MWV Distribution Systems erto Faranda
246 | Exergy evaluation of a tngeneration plant applied to | Leonardo Cupaiolo; Matteo Bartolin; Alessandro
industry sector: an Italian case study Ciancio®; Fabio Nardecchia; Lavra Pompei
M7 Enhance Urban Energy Management and Decar- Laura Cimincione®; Vasiliki Geropanta; Giorgia
bonization Through an EC-based Approach Pen; Gianluca Scaccianoce
243 | Astatistical analysis of predictive mamtenance tests | Elmer Somentine®; Mana Gareia; Domingo Urqu-
on synthetic ester-filled raihway transformers iza; Diego Garcia
249 Peversible Trachon Substations in DC Rartway Hamed Jafan Kaleybar®; Moms Brenna; Tuca
Systems: A Comparative Study of Approaches Pugi
251 | Companson of Flamess-based Control and Field- Milad Akramnm; Ehsan Jamshidpour®; Vincent
Omnented Control for PMSMs in Automotive Water Frick; Serge Pierfedenici
Pump Application
253 The sustamable energy development in Southem | Salvatore Euffine®; Matteo Coven: Marco Femra-
Italy through green hydrogen: a cost analysis 1o Fabio Massaro; Eleonora Fiva Sanseverino
235 | Therole of a biogas plant to increase the smarmess | Fedenea Notarfonse; Ligi Dodaro; Gisela Anas;
level of a seaside town Fabio Nardecchia; Laura Pomper®
236 | Peference Voltage Admustment Strategies for Dy- | Ehsan Kazemi-Roban*; Hossein Hafem; Foberto
namic Voltage Compensator Faranda; Bernardo Silva
257 Smart Cittes and Commmmmities: a case study of Fedenico D' Alessandro; Fabnzio Sevagan; Axel
agrovoltaic systens applied to an Italian wrban pe- Ficcardo Massulli ; Fabio Nardecchia; Laura
riphery Pomper®
238 | Light pellution on the histonical center of Palemme. | Daniele Milone; Miriam Mantena; Andrea Guer-
A case study cio; Domenico Curto®; Pierhoca Martorana; har-
gherita Frascati
259 Om the CHP Flexability Expansion in the Power Tuseok Lee®; Woo-hng FKim: Yeong-Han Chum;
System with High Share of Variable and MNuclear Hae-Seong Jeong
Generation
260 | Varable Strocture Control of a Virtual Synchronows | Salil M Dubey*; Zakir H Bather; Suryanarayana
Generator for TVET in presence of Local Load Dooclla
261 Fesidential Fenewable Energy Commmmity: a Graza Barchi*; Marco Piemro; Mattia Secchi;
Techno-Economic Analysis of the Italian Appreach David Moser







Work Safety in Shipyard Workshops:
an Application to a Case Study

Aurora Bondi
COPET s.r.l.
Augusta (SR), Italy
aurora.bondi@copet.it

Maria La Gennusa
Department of Engineering
Universita degli Studi di Palermo
Palermo, Italy
maria.lagennusa@unipa.it

Abstract— The proposed paper deals with the issue of safety
on working sites, in particular the application of an innovative
system to a selected case study. In some cases, safeguard can be
implemented to give more guarantees to workers, by means of
ICT systems. We examined the case of a shipyard, where risk
conditions are particularly related to suspended loads, with the
idea of expanding successively the proposed safety system to
construction buildings sites. With regard to suspended loads, it
was decided to integrate the risk assessment with appropriate
innovative prevention measures that gave rise to the design of a
proactive safety system. The first step was to circumscribe an
area of study where there was high interference between
suspended loads and workers. Then an analysis on the current
used products was carried out and the most suitable technology
was chosen. UWB (Ultra-Wide Band) allows creating a system
that does not create interference with metallic materials, it can
be used indoor and has a range of action that can reach even 50
meters of extension. It has economically low commercial
solutions and has open-source software for data processing. The
Localino® system produced by Heuel & Loher GmbH & Co. has
been adapted to the needs of this monitoring and applied in the
chosen site, with economic observations, too. The paper aims to
illustrate this study.

Keywords— safety, working sites, interferences, UWB

1. INTRODUCTION

The issue of smart management of safety in workplaces is
widely debated and tackled both in the academic and in the
industrial field, in order to reduce the overall accident
situation, of which social and health costs remain relevant.
The International Labour Organization (ILO) estimated an
economic cost of accidents and occupational diseases in the
working places between 1.8% and 6% of the total gross
domestic product (GDP), with an average of 4% [1]. The data
collected as at 31 December of each year show a national
increase in 2022 compared to 2021 both in cases that occurred
at work, which went from 474,847 in 2021 to 607,806 in 2022
(+28.0%). The alarming data of deaths at work, which report
INAIL statistics, are a source of interest for the development
of safety systems with technological support. Many
experiences have been made in the development of tools and
methods for the improvement of working conditions in the
workplace [2, 3]. HSE International has patented a pair of
glasses that allow the onshore operator to identify the area of
influence of an excavator during excavation activities. At the
same time, other multinational companies in the field, Google
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and Microsoft in the front line, have made substantial
investments for the development of “augmented reality”
glasses [4]. The interest has also been extended towards the
development of smart clothing for particularly disadvantaged
workplaces, such as construction sites (heated jackets
allowing the operator to keep warm by means of reduced and
lightweight system; jackets equipped with internal cooling
system to reduce discomfort in conditions of high external
temperatures, etc.). As part of the various problems and
complexities of safety management, the focus of this work is
on workplaces where the risk related to suspended loads by
means of overhead crane is consistent, such as construction
materials [5, 6, 7, 8] and waste treatment [9, 10] sectors. The
meaning of “suspended load” is broad and refers, in a
comprehensive manner, to any element, placed in the air or
retained or anchored in suspension or supported at altitude or
mechanically moved, by means of cranes, winches, overhead
cranes, work platforms. At the international level, the OSHA
1926.753 standard deals with the problem of suspended loads
in the workplace and describe the rules of good practice for
the safe execution of workings around a suspended load [11].
The interference between suspended loads and crane operators
in the area of influence has been the subject of careful
evaluation and resolution through a system of automatic
alarms generated. The present study concerns, in particular, a
shipyard-workshop with overhead crane and focuses on the
choice of the most suitable smart technology [12] for objects
locating (workers and loads) within an indoor workplace [13]
and the analysis of the interferences generated by the constant
tracking of localization systems through the support of a
software.

The construction, maintenance and repair of ships are part
of the largest set of manufacturing activities and the statistics
report in the period 2000-2005 a number of indemnified
accidents equal to 16,706, with an annual average of about
2,800 accidents per year, and a number of deaths equal to 12,
with an average of 2 per year. In terms of type of accident, the
statistics say that over 16 thousand accidents, about 3
thousand (18%) occurred due to passive action by the
operator, which is hit, overwhelmed or crushed by a load
and/or by a work equipment [14]. This process leads to the
generation of alarms that are automatically transmitted by an
operations center to workers, who, after being warned of the
risk condition, are put in a safe condition.

The purpose of this study is to design a useful and reliable
alarm system related to suspended loads movements in order



to support to the management of safety in the workplace [15],
in this case in the shipyard workshop, so as to facilitate the
tasks of safety persons in charge and introduce new
procedures, such as to make the control tools (Risk assessment
document and interference risk assessment document) more
effective. An important point of this system is the type of data
transmission technology. Among all the technologies, Ultra-
Wide Band (UWB) was chosen because it is more suitable
with regards to the characteristics and constraints of the case
study area, a shipyard workshop, within it the handling of
suspended loads is very frequent, as evidenced by the presence
of several cranes and/or ship cranes. [16, 17].

II. TECHNOLOGIES FOR MONITORING IN WORKPLACE

Through the processing and communication of
information by digital means, ICT allows smart monitoring in
the workplace and improves the conditions of safety at work
[18, 19]. Its use makes significant improvements also to work
activities through the reduction of time and costs for
production control, management and maintenance costs,
defects in delivery and accidents as well as increase in
productivity. The main technological systems used today to
monitor materials handling into workplaces and the
identification of workers’ accesses are: AIDC (Automatic
Identification and Data Collection) and RTLS (Real-Time
Location System). The technical infrastructure is similar and
consists of tags (printed circuit board - pcb - applied to
workers and loads to be moved), anchors (pcb to which the
tags communicate their position permanently placed within
the area to be monitored with the task of transmitting data to
the server) and software, for the detection of interference.
AIDC and RTLS differ in the way data is read and transferred
(passive or active transmission). While for AIDC systems a
specific equipment is required for reading the tags, for RTLS
systems, being a real-time system, it is not necessary that to
be identified the object must pass from a fixed detection
system or it must be scanned by portable equipment [20].
Every object with a tag can be localized communicating
directly with the anchors and consequently with the server.
The technology chosen for the case study is the Ultra-Wide
Band (UWB) [21] which is part of the RTLS systems. It is a
wide bandwidth communication that uses radiofrequency
pulses of extremely reduced duration. The impulses are very
short and therefore occupy a very wide spectrum, with the
consequence of a high immunity to interference to the effects
of multipath, due to the reflection of the radio wave on the
obstacles, combined with a high capacity of penetration
through the walls. This is why it is suitable for indoor
environments.

III. MATERIALS AND METHODS

A. The case study: a shipyard workshop

The design of this system is aimed at integrating
prevention and technology. The basic design idea proposes to
alert individually the workers in an appropriate way to the
workplace, particularly, where the main activities are
carpentry, welding and grinding, and especially when they
operate under poor visibility and in the presence of loud noises
[22]. The alarm system concerns a small device, wearable by
the worker, programmable, wireless and equipped with
colored LEDs. This device (tag) must constantly communicate
with an operations center that serves as technical support to
the head of the prevention and protection service. Among
various types of workplaces, the shipyard is distinguished by

high frequency of load handling by means of overhead cranes.
The selected area of interest of is the shipyard workshop, that
is characterized by continuous handling of loads and it is
divided into two functional areas: the one dedicated to the
assembly of sheets and beams (pre-assembly and
prefabrication phase), the other dedicated to the realization of
blocks (assembly phase). The first one is divided into two
lines, on the one hand the simple profiles are realized, on the
other the curved ones, being 3600 square meters wide with a
pedestrian path that crosses it in the middle and has three 60
tons overhead cranes. The second one is organized in a 2660
square meters single area, with three 10-tons capacity
overhead cranes. Along the internal perimeter of the
workshop, there are other pedestrian routes. The workshop is
32.5 m height and the overhead cranes are installed at a height
of 21 m above the ground. The workshop structure is
composed of 40 m wide and 3 m height roof trusses. The
pedestrian path is 1.5 m wide. There is also a toilet area and
an office area. The main load handling maneuvers were
investigated and various cases of interference were identified
between the area of influence of the suspended load with the
pedestrian paths and the presence of workers below. Four
main cases were identified. “Case 1” concerns the interference
between load oscillation and the underlying ship block within
which workers operate. “Case 2” concerns the interference
between load oscillation and the entry into the workshop of
workers, heavy and light vehicles. “Case 3” concerns the
interference between the load oscillation and the center line
pedestrian path located in the prefabrication area. Finally,
“Case 4” concerns the interference between the oscillation of
two neighboring loads. In Fig. 1, among all the projections,
the red ellipses represent the most dangerous oscillations of
the suspended load, due to the possible presence of workers
below. The oscillation of the load was represented by an
ellipse because the load, in addition to having its own
oscillation due to the lifting, undergoes a displacement along
the axis of the overhead crane and along the longitudinal
direction of the workshop.
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Fig. 2. Suspended load and operations on the naval block.



The “Case 1” was deeply focused (Fig. 2), as it is the most
dangerous because of the constraints imposed by the area and
the type of work (metal carpentry, welding and grinding made
within tight spaces), due to the interference between the
oscillation of the load and the underlying naval block. The net
rectangle represents the average size of a naval block (23x26
m), on which several workers (carpenters, welders and
grinders) operate. The overhead crane has 10 tons payload.

B. The chosen monitoring technology

The choice of technology to be used in this case study is
based on the analysis of the technological systems on the
market. Recognizing the most appropriate technology means
analyzing the following factors:

- figures of the case study area (difference in
technological choice between indoor and outdoor
environments);

- maximum distance between tags and anchors to
determine the technology that can support this range of
communication;

- technological environment

interference;

system and  the

- choice of active or passive localization system;
- accuracy of tag localization;

- system and software’s costs of production and
installation;

- availability on the market.
The constraints in a naval workshop are:
- indoor area;

- presence of metallic material (workshop structure and
naval pieces);

- high distances between tags and anchors: it was
decided to place the tags on the workers through a
wristband and on the hoist blocks of the overhead
cranes, the anchors on the structure of the workshop.
Being a workshop with a large surface, few anchors, at
least 50 m range of action covered, were used;

- need to reduce the size of the tags: carrying out
welding and carpentry work, often in cramped
environments and with a lack of light, the visual field
of workers is very low. The tag, therefore, must be
ergonomic, thus not hindering the workers and easily
visible due to the working conditions;

- need to firmly fix the anchors: having to place these
ones directly on the structure of the workshop (metal
structure), for convenience, and to reduce the
application time of the system, the anchors’ bases are
equipped with a magnetic system (magnet), in such a
way as to be easily placed;

- low costs: the costs of monitoring systems on the
market are high. In an environment where
technological safety systems can make the difference,
it is right to encourage the use of such systems by
finding economic, but effective solutions.

In order to complain the requirements, constrains and
considerations above reported, a technology adopting the
UWB technology system [23] was chosen, and in particular, a

commercial system known as Localino® [24] was chosen. It
is a configured system for the localization of people and
objects and is one of the cheapest compared to those on the
market because the basic software is open source and the
devices are easily and quickly available online. The basic kit
“Localino v1.3 w/o TRX” is composed of:

- Localino® 1.3 PCB (Printed Circuit Board): circuit
printed on an Arduino® board and makes it possible to
operate as a localization tag or as an anchor for
detecting and transmitting information from tags (Fig.
3);

- Atmel ATmega 328p microcontroller: electronic
device integrated on a single electronic circuit. It is
used for embedded systems or specific digital control
applications;

- Welded Surface Mount Device (SMD) components:
electronic devices designed to be mounted on the PCB;

- Descriptions and links for using the software.

The Localino® System is low consumption, especially in
resting mode. Its PCB is universal and the boards can be used
both as tags and anchors. Its dimensions are reduced (27 mm
x 44 mm) and is composed of 3 LEDs, one of which can be
used to signal the low battery (see Fig. 3).

Fig. 3. Localino® 1.3 pcb.

IV. RESULTS AND DISCUSSIONS

The calculation of the distances was arranged on the base
of the dimensions of the naval workshop, in order to identify
tags and anchors positions, within the communication
network. In the case reported, six anchors were located for
data transmission within the workshop, about 200,000 m?,
plus an additional anchor to cover the distance between the
workshop, where data is transmitted between workers and
suspended loads, and the external office, where the server is
located. The number of tags depends on the number of
workers within the area. The anchors are fixed thanks to a
magnetic system with adhesive magnet on the metal structure
of the workshop, the tags are put inside the wrist bands. Cost
analysis for construction of this monitoring infrastructure
shows a total amount lower than € 5,000. The prefabrication
and assembly naval workshop, chosen for its specific activities
and risks related to suspended loads, covers an area of 42 m x
220 m. Each anchor placed inside the workshop is
strategically located, according to its 50 m maximum range of
action and, thus from anywhere, it is possible to pick up the
information transmitted by the tags (Fig. 4). Anchors and tags
are nothing more than similar printed circuit boards
programmed with different functions, so the range limit does
not vary both for reading and for communicating information.
Once the anchors are placed, it is necessary to define a
communication scheme between the tags and the anchors. The
arrangement of the anchors is such that two anchors can pick
up the same tag, if this is located within the intersection area
of the circumferences, with the center in the anchor and 50 m
radius.
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Tags constantly communicate with anchors even if no
suspended loads are being handled. This communication is
used to locate the worker authorized to access these areas,
tracing their movements and allowing the software to draw, in
a model space in the Autocad® interface, the routes in real-
time, intersecting them with those of the suspended loads. The
communication between tags and anchors can be mono or
bidirectional as with an integrated Localino® system it’s
possible to choose how the server should communicate with
the tags to send the alarm signals. If the anchors receive only
the data sent by the tags, then the communication is
monodirectional and the system can be integrated with a direct
communication between server and tags (Wireless); if, on the
other hand, the communication between tags and anchors is
both incoming and outgoing, then it is a bidirectional
communication and the information from the server passes
first from the anchors and then arrives at the tags. If the anchor
is away from the server, information travels from anchor to
anchor (hop to hop system) to reach its destination. The
operations center consists of a work station, endowed with
Localino® PCB (working as an anchor) with possible repeater
unit if there is a need to amplify the reception signal. The basic
Localino® system stops at the localization and graphical
representation of the movements made by the tags. For the
recognition of the intersection and the subsequent generation
of alarms, it is necessary to integrate this system through the
programming and writing of a code on the basic software. The
Localino® PCB is endowed with a LED that warns (through
an intermittent yellow light signal) when it is about to drain
the battery, but two other LEDs can be mounted, which, if
properly programmed, can indicate with a blue light, if the
overhead crane has started operating and with a red light, if a
load is moving. This is possible as on the hoist blocks (or on
the overhead crane itself) a tag can be applied that constantly
sends information about its localization; as soon as the
software detects the movement of this tag, it sends the signal
to the workers who will see on proper board the blue LED
lights up. The loads on the ground, before moving, must be
tagged to activate communication with the monitoring system.
After the software recognizes the tag placed on the load, the
interconnection process is activated with the neighboring tags.
In this way the Localino® system is organized, the
communication mode of the alarms is decided. The integrated
system cannot only generate light signals on workers’ tags to
alert the danger, but it can also trigger an alert SMS

communication to the RSPP, the site manager and the foreman
and to the entire company organization in charge of
monitoring safety at work. Communication between tags,
anchors and server occurs constantly and simultaneously.
However, for clarity’s sake, the process has been divided into
elementary diagrams shown below. To represent such phases,
a workshop portion of 40 m x 40 m was considered, showing
the pedestrian paths adjacent to the perimeter walls (gray
screen), the secondary entrance located on the south-west side
of the workshop, a 20 tons overhead crane, a fixed anchor
(magenta) positioned at +0.00, the PC representing the server
outside the workshop. Fig. 5 shows the condition in which the
overhead crane and the load start to move. The orange dots
represent the tags applied to the load, they must be two and
placed at the lower ends, in the case of flat sheet, or at the
opposite ends of the lower diagonal, if metallic block that
develops in the three dimensions. The load starts from ground
while the overhead crane is at an altitude of +20.00 m. The
dotted lines indicate the route taken by the workers’ tags and
their direction. Although the overhead crane and the load are
stationary, the workers’ and load’s tags constantly
communicate with the nearest anchor to send information
about their localization to the server. The localization of the
tags, therefore, takes place regardless of the movement of the
load and allows the software to graphically represent the
objects’ movements. The anchor sends information just
received from the tags to the server. The server, through the
software, detects possible interferences and in this condition
of stationary load, it detects no interference, consequently not
sending warning/alarm signals and the workers’ tag remain
off, thus no LED on the board is on. This is the moment when
the load has already been hooked and is lifted without being
moved. This involves an oscillation of the load whose
projection on the plane describes an ellipsoidal shape
indicated by a dashed orange line. The load share increases up
to +12.00 m.

Fig. 5. Load in phase of lifting.

Fig. 5 shows the LEDs on the workers’ tags are blue. This
means that both types of tags (those related to workers and
those placed on the load) are communicating with the server
through the anchor and the software has detected a new



situation that modifies the previous one. This involves
transmitting a warning signal to neighboring tags. The
warning consists of lighting the blue LED on the worker’s
Localino® PCB. This situation that cannot be properly
defined as dangerous, but it is useful to send workers a
warning signal that alerts them to the beginning of a
movement. It represents the situation in which the overhead
crane is moving and the load moves both perpendicularly and
parallel to the axis of the overhead crane, due to its trolley.
This is the moment in which the load must be moved from a
starting point to a final point of the workshop. It shows, in
transparency, the initial position of the overhead crane, which,
after a few minutes from the start of the movement, is in the
final position at the center of the image. As in the previous
phase, the load is located at +12.00 m and continues to
oscillate describing ellipsoidal figures in its projection. All
workers’ tags within the area of influence described by the
suspended load give rise to interference. In this phase, the
workers’ tags continue to be represented in blue, but one of
the two tags was intercepted by the load influence radius.
Since the communication is constant, this incidence is
immediately read by the server and recognized by the software
as interference. This is the situation in which the worker enters
the area of influence of the load and is in a dangerous situation.
The risk of crushing can occur due to: breakage of the hoist
drum, the wire ropes, the trolley or the engine brakes; exit of
the trolley from the tracks; excessive weight of the load;
excessive load oscillation with consequent unhooking; no
correspondence of the driving commands sent by the radio
control. Once the communication is received and the
interference detected, the server sends an alarm signal to the
workers’ tags, consisting of lighting a red LED on the
Localino® PCB. Being placed inside a wrist band and
protected by a layer of transparent plastic, it is easily visible
to the worker.

Fig. 6. The load-worker interference.

In Fig. 6, two tags are represented, one blue and one red.
The first one has received a warning signal to move the load,
but it is far enough away from not triggering the alarm. The
second one, which is blue when the load starts moving, turns
red in this phase, as the server generated the alarm due to the

interference and transmitted it to the tag, thus warning the
worker of the danger. The worker, who has been warned of
the danger, signaled by the lighting up of the red LED on the
tag, have to move away from the place where the alarm was
generated. Once the adequate distance has been reached, the
software, not reading danger situations, deactivates the red
alarm, but if the overhead crane is in action, the blue LED will
not be turned off.

4 r ' H

Fig. 7. Cross-section of a naval block. Red workers inside the interference
area are in danger, blue ones are in safety area.

Fig. 7 shows the condition of a sheet that must be moved
from one side to another of a naval block. The load oscillates
and creates an area of interference between the dotted red
lines. Workers entering this area are marked in red and may
be subject to crushing.

V. CONCLUSIONS

Safety in the workplace is an important and current topic.
Despite the good regulatory framework in force and the efforts
underway on the controls side, the index of accidents at work
is still very high, as those mortal are still unacceptable. The
application of the law is often partially disregarded, raising the
level of risk in the workplace, already intrinsically dangerous.
A contribution to worker safety can be given by an ICT-based
system, through which information can be managed
proactively, in order to prevent critical risk situations. The
present study has elaborated the project of a proactive system
aimed at improving safety in workshops equipped with high-
risk overhead cranes. The technology chosen for this design
application is the UWB able to adapt to all the constraints
imposed by the workplace. The high cost of many UWB
systems on the market led to individual devices supported by
an open-source software. Localino® is the most suitable
system from a technological point of view, due to the
versatility of the boards in use as they can be used
simultaneously as tags and as fixed anchors. The monitoring
project was designed to solve the spatial interferences created
by the movement of suspended loads on the underlying work
areas, in order to improve the prevention and safety system.
The difficulty of managing safety during load handling has led
to the creation of a system that detects, through the design of
a network of sensors (tags and anchors), the presence of
workers below suspended loads. Workers and loads are
therefore included in a UWB technological system. The
anchors are positioned in fixed points inside the controlled
space, the tags, instead, are placed on the loads to be moved
(by adhesive magnets) and on the workers (through a wrist
band). The innovation of the project stands on the use of these



devices to relate each other to generate alarms in case of
interference between suspended load and workers. The system
operates by actively localizing loads and workers tags, without
manual reading. Moreover, thanks to the Autocad® graphical
interface, drawing the path made by the tags, it was decided to
integrate the Localino® system as the software could read the
intersections between the paths of the workers and the
projection of the moving load. This integration includes
sending the alarms to the devices, after the software has
identified the danger. The system can also be expanded to the
handling of loads through construction cranes and also applied
to other types of construction sites. The future development of
the study consists in creating prototypes of this system,
varying composition and size, to be applied in shipyards with
high frequency of handling loads.
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