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(CONCEPTOS CLAVE)



ergonomics (or human factors)

key concepts

* understanding of interactions among

Perception Hum‘an computer-
humans and other elements of a i Coptite coRIGEHGH
SySte m , Motor response Teamwork

Participation
Cooperation
Socio-technical
systems
Environment

* applies theory, principles, data, and sy

Anthropometrics

methods to design to optimize human Blomechaics
well-being,

Physical
Factors

Organizational
Factors

* and overall system performance.
adopted by the IEAin 2000
https://iea.cc/about/what-is-ergonomics/
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Industry 5.0

Scalable on-demand Industry 5.0 i
ili igh Impact o
key COﬂ Ce ptS(COnt.) — Industrial Revolution
Matrix
Scalable Efficiency Industry 4.0 Pro?;ﬂl::;ons
Customization )
Industry 3.0 s
1) Industry
2) Government
B 3) Socio-Economic
Vision 4) Individual
Industry 2.0 Digital Features/Goals 5) Blurring the boundaries
(CPlsgIIIOT between digital/cyber and
4 g . physical space
Electronics K'fé“ﬂféa TR el Impaetonsodenowil e
Industry 1.0 (Automation, Complex Tasks) 2) Resilient larger than the industry
Electrical Computers, PLC)
. 3) Sustainable
s (Mass Production)
Mechanical
(Steam Power)
o s8R O Q
or | X @ | g el
amis 55003
e X ol tis
1784 1870 1969 Today Future

People Empowerment

Corporate Empowerment

Zeb, S. et al, 2024
https://doi.org/10.1016/j.jnca.2023.103796
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Wearable technologies for use in
occupational contexts

g MODE OF USE M
, ode of use
: MONITORING -, ASSISTING
; Implantable ; . Blood sugar and cholesterol monitor Smartwatch . S I SR
; ; ¢ 4 N £ s Stopped Device : :  Wearable robot ? ok Monitorin
} RN W) P Pty Y R S W S O M A M R R SO PSR NES t P * - . ' e 33 [ 1tori
E _____________________ r“"""'""""""""': _.' """""""""""" . : E Elisssannsrcasmisssanam . Bescnssissaianssy et r : s g
Smart clothing i Blood pressure monitor ; Emotion measurement Ve ! : »
BL 0 (Eoeizeciolnic i drit 2 R e L P e Lo S e T I o . T R TP o : ° ASS'Stlng
b 8 icdcccscssssssssssy L USSESSSESsSAsSSARSES,  seaSSSSESEEESEREEEs 4« sEEEsssssssses . . & AUGMENTING i
: ; : Head-worn : .
; i i ! ! terminals/body motion ¢ ! EMG monitor g, FEHIEG ' P BN R R R I S S M . R A P M e B sk S .
N EEG monitor b 3 " v & | ¢ Authenticator 1 i | : t 818
iR B TR 5 T N ) S— & T P Eye Wear 5 | Heads-up Display ~ : | ! . Augmenting
: B —_ Wearable ECG and s T ek HeartRate | : RGNy ey SR i
' ; uise oximetry (& acceleration monitor : ' Igital peaometer ' monitor ' : T T T T TP ———— e PP . !
; Neenssmamsnn PN e A il gt s L DELIVERING CONTENT b * Delivering content
Chest Maiirited*® Body motion Performance  :: Fitness and Activity : : e e ' TR G :
30 Display ! tracker/monitor e monitor Tracker/monitor o1 Heads-Up Display : Chest mounted Display
B Bmmmesasni 1 L RN, R — 5 7 e ; PR et TR Py #41 * Tracking
TRACKING
: ) ) . . - Fitness and Activity
] Human Behavior tracker | Body motion tracker/monitor EEG monitor Digital pedometer Trackat monitor

e Khakurel, J. et al, 2017
https://doi.org/10.1108/ITP-03-2017-0076
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assembly line

Application studies

\
30 ’
U 05 1 1 0.9 1 07 i % ﬂ
o5 * On-body sensor network of inertial sensors,
(A4S 12 93 6.2 112 3.1 . .
BF . and a motion tracking Framework was used;
BS B3l o3 N5 o8 o2 EEE o 20 g
(@) . . . . .
loft Flex0s |18 06 0s AR L s Wlt.hln laboratow settings, the motion tracking
5 estimates consistency and agreement are
efffOH O O O 0 0 0 O _1011 good;
right FlexOS 3.1 0 358 22 33 3.3 939 5
o Bl e 55 o Bl o o * Within automotive assembly line acquisitions,
right OH : o :
. -0 the magnetic field disturbances, and sensor
T 5 % 5 2 § 2 displacement occurrences lowered the
- — - — L frud LL
2 £ » X - o outcomes.
o o el
= = e o [}
3 5 8 g &
X Q (@]
© A
m Q0
m
Workstation Nunes, M. L. et al, 2022
(b) Risk Score https://doi.org/10.1109/ACCESS.2022.3196473
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respiratory health of workers
across industries

Application studies

[}
Target
Parameters Gateway
Environmental °
- External air quality, |
temperature,
pressure, humidity [— ]
- In-mask
environmen t 0
- Respirator/
facepiece condit|
Human-Centric i
- Respiratory rat
- Heart rate 8) 8)
- Tidal volume
Blood pressu Data Analytlcs
- Signal processing
- Statistical analysis
Communication - Machine learning
Channel - Artificial intelligence
Sensor - Edge computin
® Nod g puting

- Validation methodologies
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overview of the current state of wearable
respiratory sensors

real-time monitoring of respiratory status,
exposure, and device integrity;

high-risk sectors (mining, firefighting,
healthcare, construction, and oil and gas).

Devkota, J. & Sharma, H. N., 2026
https://doi.org/10.1016/j.jsr.2026.02.006
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occupational heat stress

Application studies

Table 3

Frequency counts of devices (N = 14) studied. « Heat-related illnesses persist as an

Devices Frequency Count of % of All Included occupational health ma nageme nt challe nge;
Device Usage Studies
. - .  global commercially available real-time
Cosinuss® One 2 8
Empatica® E4 4 17 devices (relevant literature and validation
Equivital® eq02+ 5 21 stud ies;
HOBO® Temperature / RH 1 4
Data Logger
HOBO® Pendant 2 8 * high-risk sectors (construction, agriculture,
Kenzen™ 1 5 firefighting, hazardous waste operations, and
Kestrel® D3 3 13 factorv worke FS)
MakuSafe® 0 0 ac y ’
Moni-Patch 1 4
Polar® 8 33
SlateSafety® V2 2 8
SlateSafety® Beacon 0 0
Zephyr™ 5 21

Cannady,R. et al., 2024
https://doi.org/10.1016/j.ss¢i.2024.106600
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construction safety

Application studies

A: Smart Wristband °
B: Basic Peak Wristband

— with PPG-based HR Sensor
I ‘/ - \‘ e (C: Wearable EEG
‘ / Commonly ’ e D: Smart Glasses
e E: Apple Smart Watch
l used WSDS in ’. P 5 F:Smart Safety Boot
\ Construction e G: ECG-based HR Sensor
Safety (Chest Strap: Polar H7)
\ .

H: Smart Safety Helmet
I: GPS Tracker
J: Smart Vest

g \
‘
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Systematic review of +90 studies (2010-2024);

Four operational limitations:
* Battery Life and Power Management,
* Durability and Reliability,
* Interference and Connectivity,
* Integration with Existing Systems.

Six adoption barriers (Technological, Cost,
Human, External, Organization, Ethical).

Fasoyinu, A. A. et al., 2025
https://doi.org/10.1016/j.autcon.2025.106424
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WORKER HP: A Noninvasive Smart Chair System
for Monitoring Postures in Sedentary Workers

UMinho Projects (application studies)

 mostfrequently observed postures in
office environments where considered;

* positions P1 and P2 were considered
low risk;

* 30 healthy participants were recruited;

Sigcha, L. et al, 2023
https://doi.org/10.1109/ISIE51358.2023.10228048
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WORKER HP: A Noninvasive Smart Chair System
for Monitoring Postures in Sedentary Workers

UMinho Projects (application studies)

0.8 * bestresults obtained for automatic

o classification were obtained using a Gradient

8 0.7 Boost algorithm;

3
% - * high predictive capacity of the algorithm using
h the pressure sensor signals with minimal
= preprocessing;
o
© 2 -0.4 : . :

8 * confusion matrix shows balanced results in

E -0.3 the prediction of both classes (favorable and

S unfavorable).

-0.2
Favorable Unfavorable
Prediction Sigcha, L. et al, 2023

https://doi.org/10.1109/ISIE51358.2023.10228048
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Assessing the Short-Term Effects of Dual Back-
Support Exoskeleton within Logistics Operations

UMinho Projects (application studies)

Middle palette (end) Ba

= | Right palette (start) -~

Cardoso, A. et al, 2024
https://doi.org/10.3390/safety10030056
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Assessing the Short-Term Effects of Dual Back-
Support Exoskeleton within Logistics Operations

UMinho Projects (application studies)

* two picking methods, pick by store

Without Exoskeleton Exoskeleton Auxivo Exoskeleton Htrius . .
. g REBA Rk , . REBA Risk , .  REBA  Risk (PBS) and pick by line (PBL);
Score Level Score Level Score Level
T1 2.0 3.0 3.0 Low 2.0 3.0 3.0 Low 2.0 3.0 3.0 Low
T2 10 30 2.0 Low 1.0 30 2.0 Low 30 40 40  Medium e freeto choose the movementsto
T3 2.0 3.0 3.0 Low 2.0 1.0 2.0 Low 2.0 1.0 2.0 Low .
T4 50 40 6.0 Medium 3.0 4.0 40  Medium 20 40 40  Medium palletize boxes.
PBS T5 6.0 4.0 8.0 High 5.0 4.0 6.0 Medium 4.0 4.0 5.0 Medium = =
T6 6.0 3.0 7.0 Medium 6.0 3.0 6.5 Medium 5.0 3.0 5.0 Medium
T7 6.5 4.0 8.5 High 5.5 4.0 7.0 Medium 4.5 4.0 5.5 Medium
T8 55 4.5 7.5 High 4.0 45 5.5 Medium 4.0 45 5.5 Medium
T9 3.5 4.0 5.0 Medium 3.0 25 4.0 Medium 4.5 4.0 5.5 Medium
T1 2.0 2.0 2.5 Low 1.0 2.0 1.5 Low 1.5 1.0 1.5 Low
T2 1.5 2.0 2.0 Low 1.5 3.0 2.5 Low 2.5 3.0 3.0 Low
T3 7.0 4.0 9.0 High 5.5 4.0 7.0 Medium 4.0 4.0 5.0 Medium
PBL T4 6.0 4.0 8.0 High 4.0 4.0 5.0 Medium 3.0 4.0 45 Medium
T5 6.0 4.0 8.0 High 5.0 4.0 6.0 Medium 5.0 45 6.5 Medium
T6 5.0 4.0 6.0 Medium 4.5 4.0 55 Medium 4.0 4.0 5.0 Medium
T7 45 4.0 5.5 Medium 4.0 4.0 5.0 Medium 3.5 4.0 4.5 Medium

REBA Group A (A); Reba Group B (B); bold denotes the higher REBA scores.

Cardoso, A. et al, 2024
https://doi.org/10.3390/safety10030056
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Agenda PT Smart Retail (Mobilising Agendas for
Business Innovation in the Recovery and

Resilience Plan [PRR])

UMinho Projects (application studies)

Assessment of the removal of the product from the fruit and
vegetable pit

Just ended, 2026
https://doi.org/#
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key success factors

that can ensure sustainability - discussion

* Real records of exposure to risk (not samples or estimates);

Image from: https://www.industrialacousticdesign.co.uk/
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key success factors

that can ensure sustainability - discussion

. Early warnlngs help to reconflgure the workplace and reduce risks;

- =4

)
4 ¥

! -

Image from: https://fsesafe.com/
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key success factors

that can ensure sustainability - discussion

* Information available for workers (and accompanying doctors);

Image from: https://www.wellable.co/
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key success factors

that can ensure sustainability - discussion

* Ageing workforce (increased demand and need for surveillance);

Image from: https://amtrustfinancial.com/
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key success factors

that can ensure sustainability - discussion

* Development of smaller devices (more energy efficient);

Image from : https://tinycircuits.com/
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key success factors

that can ensure sustainability - discussion

* Increased computing power and communication speed.

Image from: https://www.aau.at/
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Opportunities for OSH

open discussion

* New risks by human-machine interfaces;

Image from: https://www.automationreadypanels.com/
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Opportunities for OSH

open discussion

* Psychosocial and organisational factors (pace of work, where it is done,

management and oversight);

Social Factors Work Activity

Organisational Work
Factors Environment

‘&
(@ v | umaes B3 ¢
'-'lﬂe;'k
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Image from: https://healthandsafetyindex.com.au/
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Opportunities for OSH

open discussion

* Work-relates stress from increased worker monitoring;

Image from: https://teeptrak.com/
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Opportunities for OSH

open discussion

* Non-office environments;

Image from: https://www.modsnational.com/
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Opportunities for OSH

open discussion

* Data protection and ethicalissues.

Image from: https://www.digit.fyi/
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Q&A

Neéelson Costa

ncosta@dps.uminho.pt
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