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ABSTRACT ARTICLE INFO
A motion capture system (MoCap) records and tracks the real-time movements of objects Keywords:
or people, generating data that can also be used for ergonomic analysis. Using specialised Ergonomics;

cameras and sensors, these systems translate movements into digital data that can ani-
mate figures or objects in a digital environment. While they are widely used in industries
such as film, video games, sports, virtual reality and biomechanics, MoCap systems can
also be used in the ergonomic design of workplaces. These systems allow researchers to
analyse human movements, identify risks such as repetitive movements, awkward pos-

Ergonomic risks;
Biomechanical research;
Motion capture;

Xsens suit;

tures or excessive forces and develop solutions to improve safety, comfort and perfor-
mance. The collected data helps to optimise workplace design, products and processes,
reduce musculoskeletal disorders and improve well-being. Recent advancements have
made motion capture systems highly sophisticated and capable of recognising subtle
movements and expressions with exceptional precision. This paper consists of two parts:
a concise literature review and a case study. The literature review explores the applica-
tion of advanced human motion capture technologies in manufacturing and highlights
their potential for ergonomic improvements. The case study illustrates these applica-
tions and provides practical insights into how motion capture can transform the design
and functionality of workplaces.
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1. Introduction

The ergonomic design of the workplace, taking into account all the characteristics of the worker,
is still a challenge for experienced and even more so for untrained ergonomists. A suitable ap-
proach should consider a system of various elements such as space, equipment, tools and devices
as well as environmental influences such as noise, lighting, temperature, humidity and air velocity.
Since the efficient placement of workplace elements and equipment influences productivity and
employee satisfaction, our approach to workplace design is of great importance. Another im-
portant aspect that should be considered when designing the workplace is employee movements
and their evaluation. Modern approaches that use motion capture systems are a major advance in
the evaluation of workers’ movements.
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Motion capture technology is used today in industry and various other working environments.
It is a technology first used in culture (movies, games and animations), but later also in other pro-
fessions, in various fields of industry, medicine, sports and beyond. Several review articles have
been published in recent years, indicating the topicality of the subject [1, 2]. Fig. 1 shows the re-
sults of the review by Rybnikar et al. [1] among the articles published in 2010-2022 with the key-
words: ergonomics, motion capture, Industry 4.0, manufacturing, human factors, occupational
health, safety, ergonomic assessment and work-related musculoskeletal disorders. According to
Salisu et al., tracking the movements of the human body is currently one of the most expanding
areas of research [2].

The ongoing trend of Industry 4.0 (14.0), characterized by "smart" technologies like sensors,
communication systems, simulation, and data-driven modeling, enables timely, accessible, and se-
cure information flow, e.g. [3-8]. This trend is driving companies to gradually automate traditional
manufacturing processes and update existing monitoring systems and ergonomic practices [9]. In
response, concepts such as Ergonomics 4.0 and intelligent ergonomic processes have been devel-
oped to prevent risks and promote physically healthy workplaces [10, 11]. The principles of In-
dustry 4.0 are now being integrated with the emerging Industry 5.0 paradigm to adopt a more
human-centered approach to industrial work system design. According to the European Commis-
sion's 2022 guidance, Industry 5.0 enhances Industry 4.0 by focusing on research and innovation
that support the transition to a sustainable, human-centered, and resilient industry.

Workers remain a vital part of production systems, performing the majority of tasks. They
bring diverse skills and knowledge and vary in how they approach tasks, in terms of speed, moti-
vation, and diligence. This diversity presents a significant challenge for companies, especially
those with high employee turnover and labor-intensive processes involving substantial physical
demands.

manufigeturing

inclusgry 4.0

ergonomics
e

motto@pture microsdlit kinect

occupatianal health

8. VOSviewer

Fig. 1 Occurance of motion capture systems and ergonomics in scientific publications [1]

2. Literature review
2.1 Motion capture systems

A motion capture system is a technology that can be used to track and record the movement of
individuals and objects in real time. It can be very useful for the ergonomic assessment of work-
places as it can speed up the assessment process and it is believed that the data can be analyzed
more accurately than manually by an ergonomist. In the past, various approaches using different
technologies have been developed to transfer the movements of workers to software that enables
ergonomic analysis.
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The first motion capture systems were developed in the 1960s and 1970s for military and aer-
ospace applications. These systems used mechanical sensors and digitizers to capture the move-
ments of pilots and astronauts. In the 1980s, the first optical motion capture systems with cameras
and reflective markers were developed to track the movements of actors and performers. At the
same time, pioneers in the field of biomechanics began to study the movement of humans and
animals, and this knowledge was later shared. The first motion capture system that resembled
modern systems was developed in the 1970s by a group of researchers at the University of Penn-
sylvania. This early system used reflective markers attached to the body of the person being cap-
tured, which were tracked by a series of cameras positioned around the person. The data captured
by the cameras was then processed by a computer to create an animated representation of the
person's movements.

An example of this group of technologies is the Vicon Motion Capture System, developed in
Oxford, UK in 1979 and launched in 1984 by Oxford Medical Systems (later Oxford Dynamics)
[12]. The Vicon system uses high-quality cameras and markers to track motion and is primarily
used for professional motion capture applications in areas such as sports, animation and robotics.
[t is known for its high accuracy in motion tracking.

Kinect is a motion detection input device developed by Microsoft for its Xbox gaming console
[12]. It was launched in 2010 and quickly gained popularity due to its ability to track human move-
ment without the need for controllers or other input devices. The Kinect sensor uses a combina-
tion of cameras and depth sensors to track the movements of a person in front of it. [t can detect
the position and movement of individual body parts and also recognize facial expressions and
voice commands. Originally developed for gaming, the Kinect is now used in a variety of other
applications, such as education, healthcare and research. Its ability to track human movement in
real time has made it a valuable tool for studying biomechanics, assessing progress in physiother-
apy and creating interactive exhibitions. Despite its popularity, Kinect is no longer being actively
developed. However, its influence on the motion capture industry and its innovative use of depth
sensor technology has helped pave the way for other motion capture systems.

In the 1990s, magnetic motion capture systems were developed. These systems used magnetic
fields and sensors to track movements and later, in the early 2000s, the first generation of inertial
motion capture systems were developed using accelerometers and gyroscopes.

The Mocup system from Synertial [13] has been commercially available since 2004. It was de-
veloped to accurately capture and record the movement of the body of a person wearing a full
body suit. It uses wireless sensors (15 on the body and 7 on each hand) attached to various parts
of the body, including hands, feet, head and torso. These sensors are small, lightweight and unob-
trusive, allowing a natural range of motion without interfering with the performer's movements.
The sensors use an inertial measurement unit (IMU) to measure the acceleration, angular velocity
and magnetic field of the body part (to improve the estimation of segment orientation) to which
they are attached. This data is transmitted wirelessly to a computer where it is processed and
used to create a real-time representation of the performer's movements.

Unity is a cross-platform game engine developed by Unity Technologies, first released in June
2005 [14]. Since its launch, the engine has been continuously expanded to support a wide range
of platforms, including desktop, mobile, console, and virtual reality. Unity is used to create both
three-dimensional (3D) and two-dimensional (2D) games, as well as interactive simulations and
various other experiences. Beyond gaming, Unity has been adopted in industries such as film, au-
tomotive, architecture, engineering, construction, and even by the United States Armed Forces.
Originally launched for Mac OS X, it later extended support to Microsoft Windows and web brows-
ers.

In 2007, another interesting solution was launched, initially called Moven and then renamed
Xsen's MVN in 2009 [15]. The company was founded in 2000 by two graduates of the College of
Twente. The Xsens motion sensing technology, also known as motion tracking or inertial meas-
urement units (IMUs), uses small, lightweight and highly accurate sensors that are attached to the
body or objects to capture and record motion data [14]. The Xsens sensors contain accelerome-
ters, gyroscopes and magnetometers that work together to provide highly accurate and reliable
measurements of movement. The data from the sensors is processed by sophisticated algorithms
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to calculate the exact position, orientation and movement of the body or object in real time. This
allows users to capture and analyze motion data with high precision and accuracy. This enables
them to make informed decisions and create realistic and engaging digital content.

Noraxon has introduced an innovative IMU-based motion capture system that provides a ver-
satile solution for measuring and analyzing human motion [16]. Like Xsens, it uses a series of
small, lightweight IMUs attached to the body to capture joint angles, orientation and linear accel-
eration. Noraxon’s system is characterized by its portability, which allows it to be used both in
laboratory environments and in the real world. The data processed by advanced algorithms is
visualized in real time via graphs and a skeletal avatar, providing immediate feedback for on-site
adjustments. This makes the device an invaluable tool for researchers, clinicians and sports pro-
fessionals who need accurate movement data in different environments.

The VR ErgoLog system is another type of motion capture system designed to analyze and im-
prove human movement in virtual reality (VR) environments [17]. It is often used in sports train-
ing and rehabilitation. The system uses motion capture sensors attached to the user's body, a VR
headset that immerses the user in a virtual environment, and combined with heart rate monitor-
ing. The user can then perform various exercises or movements and the system tracks their move-
ments in real time. The data collected by the system is analyzed by software that provides the user
with feedback on their performance. This feedback can include information on posture, balance
and alignment, as well as suggestions for improvement. The VR ErgoLog system is designed to be
highly customizable and can adapt the level of difficulty and type of exercises to the user's specific
needs. It can also be used for remote training and analysis, allowing trainers or therapists to mon-
itor the user's progress remotely.

The HTC Vive is a virtual reality (VR) headset developed by HTC and Valve Corporation [18]. It
was launched in 2016 and is known for its high-quality VR experiences. It offers room-based track-
ing that allows the user to move freely in a physical space while interacting with a virtual envi-
ronment. The system includes a headset, two handheld controllers and two base states that enable
360-degree motion tracking. Unity and Unreal Engine are popular game engines that support the
HTC Vive and allow developers to create VR experiences and integrate motion capture data. The
motion capture capabilities of the HTC Vive, provided by the base stations and controllers, are
highly accurate and offer low latency. This makes it suitable for various applications beyond gam-
ing, such as training simulations and virtual prototyping.

Table 1 Motion capture systems and ergonomics

Motion Used technology Quality Calibration Costs Software  Ergonomics
capture process used to assessment
systems process
data
Vicon Uses high-quality cam- High Complex setup Very ex- v v
Motion eras and markers to and calibration pensive
capture track motion process with mul-
system tiple cameras and
markers

Kinect A hardware device that Medium  Relatively simple Expensive v v

uses depth-sensing cam- calibration and

eras and microphones to setup process

track user movements
and voice commands.

Mocup Based on inertial meas- High Not particularly Expensive 4 v
system by  urement units (IMUs) complex calibra-
Synertial tion process
Unity A software platform that Does not have a Free v
provides developers specific calibra-
with tools to create and tion process
deploy interactive con-
tent
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Table 1 (Continuation)

Xsens Uses small motion sen- High Simple calibration = Very ex- v v
sors (IMU) attached to process pensive
the body which com-

municate with a central
hub to capture and ana-
lyze motion data

Noraxon Uses small motion sen- High Simple calibration  Very ex- v v
sors (IMU) attached to process pensive
the body which com-

municate with a central
hub to capture and ana-
lyze motion data

VR - An inertial motion cap- High Not particularly NA v v
ErgoLog ture system integrated complex calibra-
System with immersive reality tion process

and combined with a
heart rate monitoring

Leap Combination of optical High Some initial setup  Cheap v -
motion and infrared sensors to and calibration is
track hand and finger needed
movements
HTC Vive  Combination of ad- High Simple calibration = Not very v -
vanced display technol- process expensive

ogy, positional tracking,
and wireless controllers
to create VR experience

2.2 Motion capture systems in different working environments

Motion capture technology has a wide range of potential applications in different working envi-
ronments, and its versatility makes it a valuable tool for improving efficiency, safety and produc-
tivity [19, 20]. The literature review by Rybnikar [1] shows the percentage of use in different sec-
tors as follows:

e Manufacturing, 37 %,
e Logistics 23 %,

e Healthcare 17 %,

e Sports 10 %,

e Construction 7 %,

e Entertainment 7 %.

In healthcare, motion capture systems can be used to analyze patients' movements and gait to
identify potential problems with balance, stability or other motor skills [21]. This information can
be used to develop tailored rehabilitation programs.

It is also widely used in sports to analyze athletes' movements and improve their performance
[22, 23]. It can help prevent injuries by identifying potential weak points or imbalances.

In education and training, interactive simulations can be created for training and educational
purposes, e.g. for surgical training or virtual reality training for hazardous environments.

The use of motion capture systems and simulations is also important in manufacturing and on
assembly lines [13, 24, 25]. It can be used to track the movements of workers on a factory floor,
which can increase efficiency and reduce the risk of accidents. It can also be used to create virtual
training simulations for workers to practice complex procedures in a safe and controlled environ-
ment.

Recently, it has also been used extensively when working with robots and collaborative robots
[26]. Motion capture systems can be used to program and control robots so that they can mimic
human movements and interact seamlessly with their environment.

Advances in Production Engineering & Management 19(3) 2024 337



Vujica Herzog, Buchmeister, Jaehyun, Kaya

2.3 Ergonomic workplace design

An effective ergonomic workplace design can lead to reduced lead and cycle times, increased
productivity, lower production costs, improved return on investment, enhanced product quality
and flexibility, fewer human and system errors, reduced idle time during work hours, and lower
injury-related expenses. There are several ergonomic methods for evaluating the posture of work-
ers at the workplace: Ovako Working Posture Assessment System (OWAS), Rapid Upper Limb As-
sessment (RULA), Rapid Entire Body Assessment (REBA), National Institute of Occupational
Safety and Health (NIOSH), Occupational Repetitive Actions (OCRA), - Evaluacion del Riesgo Indi-
vidual (ERIN), Potential Ergonomics Issue List (PEIL), Strain Index (SI) and many others [27-32].
Some methods focus on evaluating strain on specific body parts, while others offer a more com-
prehensive assessment. Certain approaches are tailored to different types of tasks, such as repet-
itive versus non-repetitive tasks, and some are designed to evaluate static loads, which in-volve
maintaining the same posture for extended periods. Special attention should also be given to tasks
involving manual handling. For example, an integrated approach for determining working times
has been developed for assembly lines using the classical Methods Time Measurement (MTM) ap-
proach and the EAWS method for ergonomics [33]. In addition to manual assessment tools, which
are time-consuming, there are also several computerized tools that reduce assessment time and
usually offer several methods for body assessment (e.g. Jack, Process Simmulate, Ergomas).

2.4 Future ergonomic challanges
Aging of the population

Demographic data shows an aging world population with an increasing dominance of older work-
ers in the labor market. Rising life expectancy and falling birth rates are leading to slower popu-
lation growth and a higher proportion of older people. Although the changes associated with aging
are normal, they affect the physiological and psychological functioning of individuals and impact
on their ability to work and quality of life. According to Cammen et al [34], aging is a multidimen-
sional process of change in the physical, mental and social domains thatleads to functional decline.

Increased life expectancy has substantial socio-economic implications for both companies and
society. As people continue to work later in life and this demographic grows, addressing work-
place conditions and ensuring effective management with a focus on health and safety has become
a top priority [35].

Ergonomics is fundamentally concerned with the design of the workplace according to the
needs and abilities of workers. In this context, an ergonomic approach considers adequate light-
ing, avoiding excessive heat, taking adequate breaks and redesigning unnecessarily complex tasks.
From an ergonomic perspective, maintaining age-related functionality is a priority issue for the
quality of life of older people [36].

In addition, motion capture technology can be used to develop customized prostheses or assis-
tive devices that mimic natural human movement patterns and enable older individuals to main-
tain their independence and quality of life. Overall, motion capture technology can play a valuable
role in promoting healthy aging by helping to identify potential problems early and develop per-
sonalized interventions to address them.

Workers with disabilities

Approximately 23.5% of workers in the EU-27 region suffer from some form of chronic illness,
while 19% experience long-term illnesses [37]. The highest rates of disability are found among
individuals over the age of 55, with no significant difference between men and women [38]. The
most commonly reported disabilities are related to back and neck issues, followed by heart con-
ditions, high blood pressure, and problems affecting the legs and feet. Half of the disabilities were
acquired outside of work, 17% were congenital, and 18% were the result of work-related injuries
or conditions [38]. The severity of a disability also impacts employment, as individuals with se-
vere disabilities are more likely to be unemployed [39].
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Sex and gender in ergonomics

To explore this emerging research area, the IEA established the Technical Committee (TC) on Gen-
der and Work in 2006 [40]. Since then, numerous committees have been formed across vario-us
countries to examine the connections between sex, gender, health, and work in different oc-cupa-
tional sectors. Collectively, these efforts highlight ergonomics as both a theoretical and prac-tical
discipline, developing innovative methods to incorporate sex and gender analysis into policy de-
velopment and evaluation. Gender considerations were presented for various evaluation meth-
ods, working conditions and impact/process benefits in ergonomic interventions.

3. Materials and methods

To gain deeper insights into the topic, a case study was conducted using Xsens sensors [15] to
capture human movements, which were later analyzed from an ergonomic perspective using the
Process Simulate software (Siemens PLM Software). The sensors were directly attached to the
body, allowing measurements to be taken in a natural environment and in real time. The ergo-
nomic assessment of the worker's postures and movements was performed using the OWAS and
RULA method [27, 28].

3.1 Process Simulate

Process Simulate is one of the many computer programs for the simulation and optimization of
manufacturing processes developed by Siemens Digital Industries. It is a comprehensive platform
for the development, simulation, validation and thus optimization of production in manufacturing
environments. In our research, we used it to create a digital model of the workplace under inves-
tigation and to carry out ergonomic validation. The program enables the input of human move-
ments and positions recorded with the Xsens suit. The Task Simulation Builder (TSB) in Process
Simulate can also be used to create/edit the simulation of human movements. Minor corrections
were made to the movements captured with the Xsens suit via the TSB interface.

3.2 Xsens suit

Founded in 2000 and now part of Movella, Xsens specializes in 3D motion sensing technology,
offering wearable sensors and inertial devices that leverage miniature MEMS technology. The
company provides innovative and precise solutions for real-time tracking and analysis of human
and object movements. Its sensors, which include accelerometers, gyroscopes, and magnetome-
ters, are placed on different body parts to measure acceleration, angular velocity, and spatial ori-
entation. Advanced algorithms process this data to accurately reconstruct 3D movements.

In our research, we used the Xsens MVN Awinda system, which includes 17 wireless motion
sensors (Fig. 2). These sensors are securely attached to a special Lycra suit and straps to ensure
proper fixation. Fig. 2 shows the body parts and the position of sensors.

Fig. 2 Xsens MVN Awinda system for body movement data gathering and Xsens suit with sensors
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The biomechanical model used in this system consists of 23 segments: pelvis, vertebrae (L5%
L3* T12%* T8), neck*, head, shoulders, upper arms, lower arms, hands, thighs, lower legs, feet, and
toes*. Segments marked with * do not have dedicated sensors; their movement is estimated by
integrating data from the adjacent segments and the biomechanical model. By combining sensor
data and correcting for errors—since the sensors are not rigidly connected to the body seg-
ments—a precise and drift-free estimate of the relative position and orientation of each segment
is achieved.

To ensure accuracy, sensor calibration is necessary to account for factors that may affect meas-
urement precision. This sensor-to-segment calibration typically involves standing in a known
pose (e.g., N or T pose) and estimating sensor orientation by processing the sensor readings (Fig.
3). Gyroscopes detect short-term orientation changes, while accelerometers and magnetometers
maintain long-term stability.

i

Fig. 3 Xsens MVN avatar in N-pose (left) and T-pose (right)
3.3 OWAS and RULA method

The OWAS method [27] was used for the ergonomic assessment of human movements, evaluating
28 postures. These include the back (four positions), upper limbs (four), hands (three), lower
limbs (nine), head and neck (five), and the load or force applied (three). Each posture is classified
into one of the following risk categories:

Green: No changes needed,

Yellow: Changes needed in the near future,
Orange: Immediate changes required,

Red: Requires intensive observation.

The Process simulate software enables various ergonomic analyses; we therefore also carried
out an analysis using the RULA method to compare the results. The RULA method (Rapid Upper
Limb Assessment) is an ergonomic tool for assessing the risk of musculoskeletal injuries in the
workplace, particularly in relation to the upper limbs [28]. The aim is to observe the positions of
certain body segments individually in order to determine the degree of deviation from neutral
posture. The greater the deviation, the higher the score assigned to the respective body part.

3.4 Research environment and measuring procedures

The research was conducted in the laboratory of the Faculty of Mechanical Engineering at the
University of Maribor, which is fully equipped to transfer human movements into a virtual envi-
ronment. A specialized Xsens training suit, fitted with 17 sensors, was used to capture human
movements, positions, and postures. During the process, a receiver collects the data from the suit
and records it on a PC. The data is processed using the Xsens MVN software to generate a simula-
tion. Simultaneously, the human movements were recorded in real time via video, which was later
used to recreate the movements using Task Simulation Builder (TSB).

For the case study demonstration with the Xsens suit, we designed a simple polygon created
with Process Simulate software (Fig. 4) that contained the following tasks:
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Walk to the table,

Get a small box with both hands,
Bring the box to the locker,

Put the box on the locker,

Walk to the chair,

Get the chair,

Place the chair to the table.

&

Fig. 4 Workplace created with Process Simulate software and Xsens suit with 17 sensors

5. Results and discussion

The movements of workers simulated using the Process Simulate software package were assessed
with the OWAS ergonomic method first. We examined these movements with two human models
representing different ages: 25 and 60 years old. Fig. 5 shows some of the positions of the human
model that were performed during the simulation for the selected postures of a 25-year-old
woman on the left and a 60-year-old woman on the right.

Figs. 6 and 7 display the cumulative OWAS analysis results for both age groups, with slight
differences noted in the movements highlighted in orange and red.

Overall, the analysis results are similar for most simulated movements. However, a significant
difference was observed in one specific posture—when turning to walk to another point (see Figs.
5, 6, and 7). For the 25-year-old model, the actions was marked in orange, indicating a moderately
high risk and recommending prompt changes. Conversely, for the 60-year-old model, the same
actions was marked in red, signifying a very high risk and recommending immediate changes. For
further details on the research, please refer to the chapter published by DAAAM International Sci-
entific Book [41].

During the research, we also compared ergonomic analyses performed manually with TSB in-
terface with those based on data from the Xsens suit. The postures selected and designed by the
TSB programme in Process Simulate are more ergonomic as they are selected by the programme
itself, resulting in lower risk scores. An example of this is the posture in which the woman lifts the
chair and places it at the desk (Fig. 8). In the simulation carried out with the suit, this posture is
regarded as unergonomic and categorised as risk level 4. However, in the simulation performed
by the programme, this posture represents a lower risk and is classified as level 2. This is because
the simulation performed by the programme ensures a correct grip posture of the chair, in con-
trast to the other simulation.

Table 2 shows some of the results of the RULA method for the most important postures. As we
can see, there is one posture that refers to Jill bending over to push the chair. According to RULA,
this posture should be analysed and changed immediately.
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Fig. 5 Working environment with 25 and 60 year-old person

Object Action Code Posture Combination
Weight ( kg) Category Back Arms Legs Load - Head

Time Operation
(Sec)

0 Frame 4 0
0.2 0
8.3 Frame 88 0
8.7 Frame 94 0

16.25 Frame 175 0
16.9 Frame 181 0
19.2 Frame 205 0

2245 Frame 241 0
231 Frame 247 0
238 Frame 253 0
242 Frame 259 0
243 0
245 Frame 262 0
253 Frame 271 0
265 Frame 283 0
27.2 Frame 289 0
27.5 Frame 292 0
278 Frame 295 0

28 Frame 298 0
29 Frame 310 0
29.1 0
293 Frame 313 0
30.9 Frame 331 0
322 Frame 342 0
335 Frame 358 0
388 Frame 294 0

b e oh b |t b ot (b | ot b |on b | b oen od | b ek [ e [ | |-
.
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Fig. 6 OWAS results: 25-year-old model
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Time Operation Object Action Code Posture Combination

(Sec) Weight ( kg) Category Back Arms Legs Load - Head
222 Frame 408 0

2225

225 Frame 412
22.59 Frame 415

23.38 Frame 430
235

236 Frame 433
23.85 Frame 436
24.15 Frame 442
24,34 Frame 448
2493 Frame 480
29.05 Frame 535
29.55 Frame 544
31.685 Frame 583
34.55 Frame 637
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=N e NN =W -
UV PN PN PN N N PFA) PRE PN PREENy PR PR P
R R A R E N E N E R E R R AL E A E AR Y
s lalala|la|la|jla|la]la|la ajlalala s
dmlalp|la|la|lalalalales saja|lala -

Fig. 7 OWAS results: 60-year-old model

Fig. 8 Taking chair from Recording on the left and Taking chair from Simulation on the righ

Table 2 Compilation of results of the RULA method for the most relevant postures

Position 25 year-old person 60 year-old person
Put_chair_Jill_1_Release 2 2
Go_to_target_Jill_Arrise_From_Bend 4 4

Put_box_]ill_Release

Put_partl_]ill Bend_and_Reach

Go_to_target_Jill_Arrise_From_Bend

Go_to_target_Jill_Walk 4 4

Put_chair_Jill_Bend_and_Reach
Put_chair_Jill_Reach

6. Conclusion

The study of workplace ergonomics is essential for promoting worker health, well-being, and
productivity. Ergonomic principles aim to tailor the work environment to individual needs, opti-
mizing the interaction between workers, tasks, and their surroundings. This approach helps pre-
vent injuries, reduce fatigue and stress, and improve performance and job satisfaction, benefiting
both employees and companies. Recent advancements in motion capture systems have contrib-
uted significantly to ergonomic workplace design. These systems are highly valuable for virtual
reality applications, detailed biomechanical analyses, and exploring ways to integrate motion cap-
ture into human-computer interactions. Additionally, they facilitate access for individuals with
disabilities, promoting more inclusive participation across various environments.

The mailn contribution of the paper is an overview of motion capture technology and the pos-
sible integration with ergonomic assessment methods. It presents various possibilities and dis-
cusses future challenges in ergonomics.
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A case study is included to demonstrate new technologies, such as the Xsens suit and Process
Simulate software, in ergonomic workplace design, with a focus on older workers. This study has
three limitations. First, while the findings offer valuable insights through a case study, they should
be viewed as preliminary. The primary value of this research lies in its role as a pilot study. Since
it is based on a single case, the results cannot be generalized. Future studies need to include a
larger sample to validate the results in a broader population. Second, there may be discrepancies
between the OWAS measurements obtained using the Xsens motion capture system and the data
obtained by direct observation. Although we have made considerable efforts to minimize these
differences by performing a frame-by-frame analysis, discrepancies may still occur. Finally, alt-
hough OWAS and RULA were used for ergonomic assessment in this study, there are numerous
other methods to assess physical strain. It is important to investigate whether these alternative
methods can also be used reliably with motion capture data. Furthermore, given the real-time
analysis capability offered by systems such as Xsens, this study points to the potential need to
develop new methods of ergonomic assessment that go beyond traditional approaches and are
tailored to take full advantage of modern motion capture technology.

In conclusion, motion capture technology offers significant advantages for ergonomic work-
place design, providing efficient and accurate solutions. The conducted research has demon-
strated great potential; however, future studies will need to be expanded, include a larger number
of repetitions to verify the reliability of the equipment.
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