
Wearable Sensors Enabling Personalized 
Occupational Healthcare 

Farhad Abtahi a,b,1, Ke Lu b, Jose A. Diaz-Olivares b, Mikael Forsman a,  
Fernando Seoane d,e,f and Kaj Lindecrantz a,c 

 
a Institute of Environmental Medicine, Karolinska Institutet,  

171 65 Stockholm, Sweden 
b School of Engineering Sciences in Chemistry, Biotechnology and Health, KTH Royal 

Institute of Technology, 100 44 Stockholm, Sweden 
c Science Park at University of Borås, Allégatan 1, 501 90 Borås, Sweden 

d Department of Clinical Science, Intervention and Technology, Karolinska Institutet, 
Hälsovägen 7, 141 57 Stockholm, Sweden 

e Swedish School of Textiles, University of Borås, Allégatan 1, 501 90 Borås, Sweden 
f Department of Biomedical Engineering, Karolinska University Hospital, 171 76 Solna, 

Sweden 

Abstract. This paper presents needs and potentials for wearable sensors in 
occupational healthcare. In addition, it presents ongoing European and Swedish 
projects for developing personalized, and pervasive wearable systems for assessing 
risks of developing musculoskeletal disorders and cardiovascular diseases at work. 
Occupational healthcare should benefit in preventing diseases and disorders by 
providing the right feedback at the right time to the right person. Collected data 
from workers can provide evidence supporting the ergonomic and industrial tasks 
of redesigning the working environment to reduce the risks. 
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1. Introduction 

Work-related injuries and disorders constitute a major burden and cost for society 
affecting both employers and workers. The cost has been estimated to around 2.6-3.8% 
of GNP in Europe [1]. Musculoskeletal disorders are among the acute/chronic diseases 
caused by bad working conditions and unhealthy working life. In order to identify risk 
occupations, jobs and tasks, for interventions, as well as while planning new jobs and 
work stations, and to facilitate evaluations of interventions in terms of decreased 
exposure to risk factors, there is a need for valid, reliable and useful methods for risk 
assessment of biomechanical exposure.  

Traditional ergonomic risk assessments are typically based on experts’ 
observations. However, such assessments generally have a low inter-observer 
reliability [2], also, the inter-method reliability is often low. Further the observations 
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are because of their costs limited to short periods, which may be poor representatives 
for the whole workday. Therefore, objective measurements and assessments of risk 
factors, such as the assessment of upper arm elevation angles using standard 
inclinometry [3], have got a lot of attention in the last two decades. 

2. Wearable Systems in Occupational P-Health 

Naturally, humans as subjects of risk assessments and interventions have different 
characteristics e.g., height, weight and physical capacity. In addition, such personal 
characteristics change because of aging, gaining weight, getting injured or sick, etc. 
Therefore, an ideal solution should be accessible in long term to cover and take into 
account such personalized changes.   

Rapid developments of wearable technologies, e.g., textiles with embedded sensors 
have brought new possibilities in p-Health i.e., preventive, pervasive, predictive and 
personalized health. Integration of smart textiles and physical risk assessment 
algorithms can provide a system for effective risk evaluation for ergonomists, real-time 
feedback to workers, and assessment of work environment to organizations.  

Feedback from such an integrated wearable system can be combined with 
gamification techniques e.g., using game elements like between groups competition and 
awards to motivate behavioral changes promoting healthy habits and following 
ergonomic advices. At an organizational level, the collected personalized data can be 
used to motivate and lead the redesign of working environment or working processes.  

The aim of two ongoing projects [4] is to develop wearable systems with good 
usability to be worn during a full workday for measuring the position and movement of 
different limbs i.e., arms, legs, wrists and trunk. In addition, garments enabling the 
measurement of electrocardiogram and respiration for assessment of physical and 
mental stress and workload are under development. Several direct feedback concepts 
including visual, auditory, and haptic feedback are also under development and 
evaluation, which enable personalized virtual coaching for the workers. 

3. The We@Work Project 

The We@Work solution aims to support the worker and employer to ensure a healthy 
working life through pervasive monitoring for early warnings, prompt detection of 
capacity-loss and accurate risk assessments at workplace as well as self-management of 
a healthy working life. 

The architecture of the pervasive monitoring solution in We@Work, see Figure 1, 
consists of a cloud based infrastructure, wearable sensors units and mobile applications. 
The cloud backend infrastructure is designed by ATOS Codex, and it is based on 
RedHat OpenShift Container Platform and WSO2 deployed on Amazon Web Services 
Cloud Infrastructure; and developments are done by Karolinska Institutet. Android 
applications are created by Atos, KTH-Royal Institute of Technology. Karolinska 
Institutet (KI) is responsible for the cloud platform for communication, storage, user 
management and potential big-data analysis. ATOS is responsible for notification 
management, by using Google Firebase Cloud Messaging, and feedbacks through the 
personal health record system, Pocket mHealth. Each application has a specific 
functionality dedicated to data gathering from sensors through Bluetooth or other 
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sources such as questionnaires. The communication between sensing layer and cloud 
system is based on HTTPS protocol through RESTful APIs.  

The wearable garments used in this project are provided by Z-Health Technologies 
AB (ZHT), Borås, Sweden. The garments include in-pocket inertial measurement units 
(IMUs) LPMS-B2 from LP Research, Tokyo, Japan and in-house build 
electrocardiogram (ECG) and thoracic electrical bioimpedance (TEB) measurements 
units by using embedded textrodes [5].  

The ECG and TEB are used for estimating the energy expenditure while 
accelerometer and gyroscope data from the IMUs are used to calculate the posture and 
velocity of movements of arm, trunk and to distinguish between sitting and standing 
positions. Extracted information can be used for risk assessment and for giving of 
feedbacks according to recommendations. An example of recommendation for risk 
criteria is summarized in Table 1 [6-7]. Figure 2 is illustrating screenshots of an under 
development Android application and pictures of sensorized t-shirt.  
 
Table 1.  The risk assessment criteria for awkward position and movements of arm and trunk/back, prolong 
sitting, standing, energy expenditure. 

Section/Limb Position and/or Movement Risk 

U
PP

ER
 A

R
M

 

Elevation angle > 30° < 25 % of working time and elevation angle > 60° 
< 5 % of working time GREEN 

Elevation angle > 30° > 25 % of working time or elevation angle > 60° > 
5 % of working time YELLOW 

Elevation angle > 30° > 50 % of working time or Elevation angle > 60° > 
10 % of working time RED 

Elevation average generalized angular velocity < 60 °/s GREEN 

Elevation average generalized angular velocity > 60 °/s RED 

TR
U

N
K

/B
A

C
K

 

Forward bending < 45° < 12.5 % of working time and Forward bending > 
45° < 6 % of working time and backward bending > 0° < 6 % of working 
time 

GREEN 

Forward bending 20-45° > 12.5 % of working time or Forward bending > 
45° > 6 % of working time or backward bending > 0° > 6 % of working 
time 

YELLOW 

Forward bending 20-45° > 25 % of working time or Forward bending > 
45° > 12.5 % of working time or backward bending > 0° > 12.5 % of 
working time 

RED 

PR
O

LO
N

G
 S

IT
TI

N
G

 Less than 25 min for the last 30 min GREEN 

More than 25 min for the last 30 min YELLOW 

More than 55 min for the last 60 min RED 
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Section/Limb Position and/or Movement Risk 

PR
O

LO
N

G
 S

TA
N

D
IN

G
 

Less than 30 min continuously GREEN 

More than 30 min continuously YELLOW 

More than 60 min continuously RED 

 
We@Work solutions are designed with the aim of compatibility with currently 

commercialized fitness and health tracking systems. In this first stage Polar A370 from 
Polar Elecro, Kempele, Finland is used for monitoring of physical activity and sleep 
pattern outside the working environment. 

 

 
Figure 1. Architecture Framework and flow of information in We@Work 

 
VAPEL software from Quiron Prevention is another component of the We@Work 

platform. VAPEL allows assessment of whether subjects are fit for work by assessing 
their basic executive functions, i.e. basic executive functions comprising attention span, 
fatigue resistance, monotony resistance, planning coordination and/or psychomotricity. 
Depending on working environment and level of risks in different occupations, VAPEL 
test can be performed at the beginning of a work shift or after detection of high level of 
fatigue or stress. 
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We@Work multiservice platform based on already popular fitness tracking 
systems and wearables and garment designed in this project will allow unobtrusive data 
collection at workplaces. Big Data analytics will provide useful information to prevent 
work injuries and support a healthy working life. More details will be available on the 
project website (http://weatwork.eu). 

 
 

 

 

 

Figure 2. Screenshots of Android Application (under development) and sensorized t-shirt. Visual feedback is 
showing the limbs risk analysis according to Table 1 criteria. The worn t-shirt in the pictures is sensorized by 

inertial measurement units for arm, trunk and back.  
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