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Malattie muscolo-scheletriche di

origine professionale
Quali azioni possono meftere in campo le aziende per prevenirle?




L'innovazione tecnologica a supporto della
prevenzione: I'esoscheletro
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Exoskeletons - Today
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Esoscheletri per
assistenza domiciliare
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Exoskeletons — Industriali — supporto Schiena
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https://innophys.net/musclesuit/
https://www.laevo-exoskeletons.com/
https://paexo.com/paexo-back/?lang=en
https://atoun.co.jp/en/products/atoun-model-y/
https://www.auxivo.com/liftsuit
https://www.germanbionic.com/en/5th-generation/
https://herowearexo.com/
https://hunic.com/softexo-lift/
https://www.rb3d.com/en/exosquelettes/exoback
https://www.suitx.com/backx
https://vervemotion.com/

Exoskeletons — Industriali — supporto Spalla
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Passivo

Esoscheletro per Supporto Schiena vs Spalla con
tecnologia Passiva vs Attiva (1/3)
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https://paexo.com/paexo-back/?lang=en

Esoscheletro per Supporto Schiena vs Spalla con
tecnologia Passiva vs Attiva (2/3)

Back support:

bypass /V\s Shoulder

meccanico tra P ( support:

spalle e bypass

gambe meccanico
tra braccia e
schiena

Theurel, Jean, and Kevin Desbrosses. "Occupational exoskeletons: overview of their
benefits and limitations in preventing work-related musculoskeletal disorders." IISE
Transactions on Occupational Ergonomics and Human Factors 7, no. 3-4 (2019): 264-280.
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Esoscheletro per Supporto Schiena vs Spalla con
tecnologia Passiva vs Attiva (3/3)

Rigid sl.tructure

a) Kinematic structure

Anthropomorphic
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Non anthropomorphic

b) Actuatl'ion type

Soft exosuit

(no kinematic structure)

Passive unit

Semi-active

Backpack

Servomotor

Passive unit

Backpack
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Crea, Simona, Philipp Beckerle,
Michiel De Looze, Kevin De Pauw,
Lorenzo Grazi, TjaSa Kermavnar,
Jawad Masood et al. "Occupational
exoskeletons: A roadmap toward
large-scale adoption. Methodology
and challenges of bringing
exoskeletons to workplaces."
Wearable Technologies 2 (2021).



[IT-XoLab: Sviluppo Esoscheletri (1/3)
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[IT-XoLab: Sviluppo Esoscheletri (2/3)

XoSoft

Exoskeleton for low
mobility impairments
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ISTITUTO NAZIONALE PER LASSICURAZIONE
CONTRO GLI INFORTUNI SUL LAVORO
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[IT-XoLab: Sviluppo Esoscheletri (1/3)
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Development Activities INQ\IL

Human-Centered Iterative Design approach

Use cases analysis , ,
Mechatronics Design

Conceptual design .
Wearables Design

Ergonomics and

human factors Control (Torque tracking, Control

strategies and Human activity
recognition)
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Movimento

Analisi Cinamatica e d '"""'ﬁf:

Analisi Muscolare (EMGs)
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Principio di funzionamento

Supporto alla schiena

Esoscheletro attivo per supporto lombare
Peso: 8 kg

Controllo autonomo ed intuitivo

Design Ergonomico incentrato sul lavoratore

Ridurre lo stress all'articolazione L5S1:
Assistenza parziale: fino a 30% dello sforzo

XoLab —Advanced Robotics — IT @ WEBINAR Confindustria Genova
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Evidenza Scientifica: Supporto Schiena

S O I I eva m e n to - Lumbar moment i Muscular force i . Lumbar compression
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FIGURE 5 | Lumbar moment (left) computed via inverse dynamics, applying real motion data to the model in Figure 3. As a consequence, the muscular force Fy,
actuator (center) and joint reaction force R (right) are calculated. The three show simiar trends, depending on two ke factors: (A) the orientation of the upper bady, and (B)
the mass of the object being handied.
passive DoFs
60 Peak muscular activity
custom thigh band
—_— —_—
50 * *

FIGURE 3 | Simplified model of the compressive loads on the lumbar spine.
The torso, represented with mass Wy, is articulated to the pelvis via a
rotational joint representing the low back. The spinal muscles generate force
F\ at a dy, distance from the joint, contributing to compression forces Re.
The external object is represented with mass W, .

_—

-30,8%

S. Toxiri et al. "Rationale, implementation and evaluation of assistive strategies for an active back-support 0
exoskeleton." Frontiers in Robotics and Al 5 (2018): 53.

7.5kg

15kg

FIGURE 8 | Muscular activity for the different conditions. At the top, averaged EMG profiles across all subjects are shown. In all cases, wearing the exoskeleton is
associated to decreased muscular activity, although none of the three strategies leads to overall larger reduction than the others. In terms of peak activity, the data is
summarized at the bottom, where peaks (average and SD across all subjects) are shown for the different conditions. Significant percentage reductions (p < 0.05) for

the three strategies range between 28 and 35%. .
1]
RoboMate
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Evidenza Scientifica: Peso equivalente

Di Natali, C., et al. (2021). Equivalent Weight: Connecting Exoskeleton Effectiveness with Ergonomic Risk during Manual
Material Handling. International Journal of Environmental Research and Public Health, 18(5), 2677.

Fw: external load force

Fg: central upper body force
Fw*=WFy i
W f(B,F,.F,.r.,

Ty: input torque
F: orthogonal back force
Ty lumbar muscular force
-~

Coeficient is function of
Antropometric data,
muscular force, assistance
proveided, external weight
and moment arm.

W: [0.59-0.73] = 0.625 (-37,5%)
15kg sono percepiti 9.38kg
INQIL STREAM
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Riconoscimento dell’attivita e assistenza
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. . . Robo.Mate
Test in Industria (ambiente Strutturato) INQ\IL

RO GLI INFORTUNI SUL LAVORO

‘ al

Industria target:
* Logistica
* Manifattura

« Alimentare Mansioni target:

e Sollevamento
* Trasporto
* Posture incognue

. TrainO/Spinta QCTNE AM
* Movimentazioni ripetute 91 REAL
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Test in Industria (ambiente non-Strutturato)

Industria Ferroviaria & Costruzione Civile

« Ambiente non strutturato

« Alta variabilita di attivita lavorative

« Importanti sfide tecnologiche

\\\\\\\\\\\\\\\\\\\\\\\\\\

.
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Test Pilota in azienda: Storia di successo

Protocollo Sperimentale:
Caratteistiche Mansione:

B2

16kg

Sollevamento da h 0.7m 35m
Trasporto per 3.5 m

Appoggiare a h 0.75m Top

Distanza orizzontale 0.3m m
Fequenza 6/min

Turnoda 2 h 31®

Presa scarsa
Very Low Risk

Peso limite raccomandato

Low Risk
=2,25Kg L 151-200 | Moderate Risk
LI (2h)=3,1 2.01-3.00 [

> 3.00 Very High Risk
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Test Pilota in azienda: Storia di successo

Conclusioni:
Compatibile con ambiente operativo

Considerazioni:

e Rischio ergonomico ridotto
* Possibilita di lavorare piu a lungo prima della stanchezza

* NIOSH: LI= 3,1 a 1,8 (turnazione di 2h) = Very High Risk a Moderate (2 livelli sotto)
e Valutazioni delle customizzazioni necessarie per specifica applicazione industriale
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XolLab

Department of Advanced Robotics (ADVR)
Director: Prof. Darwin G. Caldwel
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Christian Di Natali Jesus Ortiz

Stefanos loakeimidis |

ITALIANO DI

Daegeun Park
Tommaso Poliero Jorge Crespo
Maria Lazzaroni Matteo Sposito
Paolo Leone Olmo Moreno
Pinar Sencandan Vasco Fanti
Roberto Pitzalis

Andreas Sochopoulos

Roberto Gagliardi
8l Luca Daniele
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- PROTSO

Proteso: Startup di lIT

Commercializzazione della tecnologia IIT-INAIL

Esoscheletri industriali

Movimentazione carichi tramite Dispositivo attivo

< Test Pilota in azienda

\\D’ // Affitto del dispositivo e Test di lunga durata

Ricerca Investimenti & Partner Industriali
Vendita prodotti durante 2022-2023

S

/ [
. www.proteso.it
ST
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Thank you
Questions?

Xolab: Exoskeleton Laboratory
Advanced Robotics Department

Istituto Italiano di Tecnologia

. o0 _
"W | Christian Di Natali I It >
& || christian.dinatali@iit.it <

Cofounder of Proteso

PROTSO
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