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ADVANCED PHYSICAL ERGONOMICS 
AND NEUROERGONOMICS RESEARCH 
ON AN ASSEMBLY WORKSTATION 
 
Abstract: Workers who perform repetitive and tiring activities 
assembling parts and components into the final product at a 
traditional assembly workstation often suffer from musculoskeletal 
disorders (MSDs) and other occupational diseases associated with 
greater effort of tendons, muscles and nerves on the hands and wrists, 
and neck and lower back pain. These activities also reduce attention 
span and concentration, which causes mental fatigue and 
consequently, errors (which negatively affect the quality of the final 
product), and in some cases even injuries at work. 
Manual, monotonous and repetitive assembly tasks can be partially 
automated by the application of new technologies of Industry 4.0 
which provides benefits in terms of minimizing the number of 
movements, inadequate body positions, bending, twisting, human 
errors, etc. The main focus of future development of the industry 
workstations is the human-centric approach and the introduction of a 
collaborative robot, which is in line with the goals of Industry 5.0. 
The aim of this paper is to present the results of advanced electro 
psychophysiology research (electroencephalography - EEG and 
electromyography - EMG) and the analysis of data collected in real-
time by applying innovative technologies (EMG sensors and EEG 
caps) on a traditional workstation in order to establish the ergonomic 
risks to which assembly workers are exposed. In this way, it is possible 
to determine when muscle fatigue and/or reduced attention span and 
concentration of workers will be likely and which ergonomic risks, that 
can lead to occupational diseases and injuries at work, may occur. The 
analysis of the results of the experimental study shows that the 
assembly workers are exposed to physical and mental overload during 
the performance of assembly activities. 

Key words: assembly workstation, EEG, EMG, golden zone, 
improvement of workplace safety, safety 4.0 

 
INTRODUCTION 
Workers who perform monotonous, repetitive, and 
tiring assembly activities at a workstation are 
constantly exposed to the ergonomic risk of 
musculoskeletal disorders (MSDs), and in some cases, 
due to a decrease in attention span and concentration, 
injuries may occur at work. One of the main goals of 
contemporary production organizations that operate in 
accordance with the lean principles and principles of 
world-class production is the improvement workers’ 
safety and health.  
Although production processes in modern industrial 
systems are largely automated and digitized, there are 
still workplaces where repetitive work activities that 
cannot be fully automated are performed. These tasks 
are monotonous and workers mostly perform them 
manually. This is mainly due to the high complexity of 
the assembly activities and the limited flexibility of 

traditional assembly workstations. Therefore, there is a 
need to promote traditional assembly stations in order 
to improve the health and safety of workers who 
perform repetitive, tedious, and monotonous assembly 
activities over a long period of time in an ergonomic 
position. 
The repetitiveness of manual tasks is an important risk 
factor for the occurrence of MSDs (e.g., carpal tunnel 
syndrome, wrist tendonitis, etc.) (Ellegast, 2016). 
Considering the fact that the appearance of MSDs 
negatively affects the effectiveness and productivity of 
workers, it is very important to monitor the muscle 
activity of the operator when performing repetitive 
assembly activities at a workstation. In this way, it is 
possible to establish the load and strain of the muscles 
of the neck and hands, examine the frequency of pain 
in these parts of the body, and determine when the first 
symptoms of MSDs appear. 
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Assembly workers are exposed to a significant physical 
workload. Due to reduced worker's attention span and 
concentration, mental overload and fatigue can occur, 
which in turn cause errors and irregularities in the 
assembly of parts and components (which has a 
negative impact on the quality of the final product). 
Therefore, it is necessary to monitor the brain activity, 
mental effort and attentiveness of the operator. 
The aim of this research paper is to conduct advanced 
physical ergonomics and neuroergonomics research on 
an assembly workstation. The motivation for writing 
the paper can be found in the fact that it is necessary to 
measure the muscular and brain activity of operators 
when performing monotonous and repetitive activities 
at an assembly workstation in order to identify 
ergonomic risks that may occur during the execution of 
assembly activities and tasks. 

THE SPECIFICS OF ASSEMBLY 
ACTIVITIES ON TRADITIONAL 
WORKSTATIONS 
In the fourth industrial revolution, safety and 
ergonomics at work have a crucial role in 
organizations. Application of advanced technologies of 
the Industry 4.0 (I4.0) era fundamentally changes the 
way of performing assembly activities on traditional 
assembly workstations through intelligent connectivity 
and advanced automation. Industry 5.0 brings workers 
back into the production processes and pays special 
attention to the human-centric approach. 
It is of particular importance that assembly 
workstations and tools necessary for the 
implementation of work activities be adapted to the 
needs of workers in order to improve their safety and 
health – to reduce work-related injuries and illnesses, 
create a safer and more pleasant work environment, and 
improve the physical and mental well-being of workers. 
If the workstations are not ergonomically designed, in 
addition to the appearance of musculoskeletal disorders 
due to mental fatigue, the probability of injuries at 
work also increases, which further results in a decrease 
in productivity and worker satisfaction (Gerr et al., 
2014). 
The application of ergonomic principles to assembly 
workstations contributes to occupational injury 
reduction and improves the health of workers (Gerr et 
al., 2013). Ergonomic design of workplaces is one of 
the most important prerequisites for improving 
production processes and creating a more efficient, 
safer, and more comfortable workplace (Cimino et al., 
2009).  
Furthermore, performing monotonous, repetitive 
movements at high speed in awkward body positions 
increases the strain on the tendons, muscles, and nerves 
of the hands, the joints of the forearm muscles, and 
neck muscles, which further increases the risk of 
MSDs. Numerous studies have shown that MSDs in the 
wrists and hands are associated with repetitive manual 

work (Barr, Barbe, & Clark, 2004; Hansson et al., 
2000). According to Mehta (2016), psychological 
factors at work can have a significant impact on the 
development of MSDs in workers. 
MSDs have negative consequences in working 
environments given that they cause absenteeism, 
disability, increased replacement costs (Maakip et al., 
2017), and reduced efficiency and productivity (Matos 
and Arezes 2015). Jones and Kumar (2004) pointed out 
the fact that musculoskeletal disorders represent 32% 
of the total costs in the organization and cause 40% of 
the total loss of time in the organization compared to 
other occupational and work-related diseases. 
Manual assembly activities are an example of repetitive 
tasks involving the manual handling of low loads at 
high frequency. Therefore, during assembly activities, 
workers experience excessive mental and physical 
effort, fatigue, and discomfort. Also, fatigue and mental 
strain negatively affect productivity (Finnsgård et al., 
2008). Due to the inability to maintain attention for a 
longer period of time, injuries may occur at work. 
In particular, workers who perform assembly activities 
at a workstation are constantly exposed to cognitive 
stress. This is caused primarily by the large amount of 
information that workers receive when performing 
assembly activities consisting of a large number of 
components and parts that need to be handled. Hanson 
and Brolin (2011) pointed out that if there are different 
variations of components and parts (which are 
combined into the final product), the complexity of the 
work increases to a great extent, and this has a 
significant negative impact on the operator's mental 
state (Lindblom, Thorvald, 2014). During the manual 
assembly of components and parts, workers sometimes 
repeat the same operation several times during the work 
shift, which negatively affects their concentration and 
attention (Fisherl, 1993). Cognitive load negatively 
affects workers’ attention and reasoning ability (Rabby 
et al., 2019). In some situations, workers fail to stay 
alert due to a decrease in attention span (Spath and 
Braun, 2021). 

METHODOLOGY 
A detailed review of scientific research papers showed 
that most of the works that focus on operators who 
perform manual repetitive tasks of assembling parts 
and components were mainly based on determining the 
correct position of the body in order to eliminate the 
incorrect positions and prevent the occurrence of MSDs 
(Leider et al., 2015). Less attention is paid to cognitive 
and perceptual aspects (Fish et al., 1997). According to 
Wiegmann and Shappell (2001), timely detection of 
attention deficits could contribute to the prevention of 
dangerous situations and injuries at work.  
Jung and Makeig (1994) showed that the vigilance of 
workers during the performance of tasks that require an 
increased concentration of workers can be investigated 
using brain waves. Parasuraman (2003) pointed out the 
importance of understanding brain processes in 
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workers. Electroencephalography (EEG) is one of the 
most common methods for assessing the cognitive state 
of the operator (Hohnsbein et al., 1998). Bakshi (2018) 
detected the cognitive workload of 28 subjects through 
EEG. Moreover, several authors conducted 
neuroergonomics tests of brain activity during the 
manual assembly of a hose. Other studies identified the 
relationship between cognitive load and changes in the 
EEG signal (Antonenko et al., 2010; Brouwer et al., 
2015; Mijović et al., 2015; Charles and Nixon, 2019). 
EEG signals are directly correlated with mental 
demands experienced during the task (Brookings et al., 
1996). The captured EEG signals are analyzed to 
identify their features by fusing them to define the 
overall brain activity. They enable direct measurement 
of brain activity in real-time (Gramann et al., 2011). 
Moreover, they can estimate the quantitative 
assessment of alertness levels, which requires 
expensive computational signal processing (Correa et 
al., 2014; Zhang et al., 2017). The main advantage of 
EEG is the possibility of objective measurement (as 
opposed to subjective methods of self-assessment) of 
workers’ attention in real-time (Mijović et al., 2016). 
In industrial scenarios, EEG is widely used to assess 
the cognitive state and mental workload of workers 
(Infantolino and Miller, 2014). Foong et al. (2019) used 
EEG to identify the drowsiness of 29 subjects. 
Numerous studies evaluated the measurement of 
cognitive load via the EEG signal (Fasth-Berglund, 
Stahre, 2013; Scalera et al., 2020). 
On the other hand, EMG is the most popular and 
commonly used method for detecting the occurrence 
and development of muscle fatigue (De Luca, 1997; 
Freitas et al., 2019). EMG signals represent 
neuromuscular activities of the human body. They are 
used to monitor workers’ muscle condition and find the 
maximum lifting load, lifting height, and the number of 
repetitions that the workers are able to handle before 
experiencing fatigue, all for the purpose of avoiding 
overexertion (Gevins et al., 1995). 
EMG ergonomics applications are the most widely and 
successfully used in industry for real-time fatigue 
monitoring, musculoskeletal risk assessment, and 
assisted handling devices. EMG is the most commonly 
used tool in many research papers (He, Zhu, 2017). In 
contrast to the subjective methods of measuring muscle 
activity, EMG is characterized by objectivity and 
reliability. The study of EMG signals can help assess 
functions at the muscle level and at the level of the 
nervous system, which controls the muscles. 
Bosch et al. (2007) showed EMG manifestations of 
muscle fatigue of the trapezius muscles during normal 
(8-hour) and extended (9.5-hour) working days 
involving light manual work. Bennie et al. (2002) also 
simulated 8h-hour working days using EMG 
measurements. 
Another study (Björklund et al., 2000) focused on the 
effect of a repetitive low intensity task to fatigue on 
shoulder position sense. Molinari et al. (2006) assessed 

the changed spectrum of the EMG signals when fatigue 
occurred during dynamic muscle contraction. Dingwell 
et al. (2008) pointed out the relation between localized 
muscle fatigue and changes in muscle movement. 

CASE STUDY  
In the experiment, muscle and brain activity was 
monitored in real-time during the performance of 
repetitive and monotonous assembly activities. The 
main goal of monitoring muscle activity in the neck is 
to determine the load and strain of the neck muscles in 
order to examine the frequency of neck pain and the 
onset of the first symptoms of MSDs. Muscle activity 
was monitored by placing EMG sensors on the 
trapezius muscles on the subject’s neck on the left and 
right sides (Savković et al., 2022). Brain activity was 
monitored in order to examine the subject’s mental 
fatigue and, on the basis of the obtained data, determine 
when attention and concentration decrease (Savković et 
al., 2022). An EEG cap with electrodes was placed on 
the subject’s head in order to monitor brain activity. 
Three master's degree students of the Faculty of 
Engineering, all of them male, aged between 19 and 21 
and between 165 and 190 cm tall, participated in the 
research. All subjects were right-handed and 
participated in the study voluntarily. The laboratory 
where experimental research was carried out is air-
conditioned and the microclimatic conditions were 
under control. 
The experiment consisted of two sessions between 
which the subjects had a 15-minute break. Before the 
experiment started, the respondents were given detailed 
instructions on how they should perform the assembly 
activities. Before the beginning of the first session of 
the experiment, the subjects listened to a relaxing track 
for 5 minutes. After receiving the information and 
listening to the music, the respondents started the work 
operation by taking the wires and the metal structure 
after the sound signal. After that, the subjects were 
supposed to place the wires inside the metal structure 
according to the instructed pattern, following the 
instructions they received via a screen, which was at 
their eye level and at a distance of about half a meter. 
After placing the wire at the instructed position on the 
metal structure, the subjects were supposed to press a 
button on the screen as a sign that they had completed 
the operation. This step was repeated several times 
during the experiment. After the completion of the 
entire operation, the respondents moved on to the next 
work operation. They were told that if they made a 
mistake while assembling the wires, they should 
disregard the product and continue assembling another 
product so that they could keep performing the activity. 
At the end of operation simulations, the complete 
product was dismantled and the components were 
returned to the containers in which they were located. 
At the end of the experiment, an oral interview was 
conducted with the respondents. They answered 
questions related to the complexity of the task they 
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were performing and the physical and mental fatigue 
they felt during the experiment, and they were given 
the opportunity to make their own suggestions. 
An innovative EEG system was used to design and 
conduct the neuroergonomics experiment. The 
SMARTING wireless EEG system  (mBrainTrain, 
Serbia) was used for EEG signal acquisition. This 
device has the ability to record EEG signals with a 
sampling frequency of 500 Hz and a 24-bit data 
resolution. The SMARTING EEG amplifier 
(85x51x12mm, 60g) was connected to a 24-channel 
EEG cap in the occipital region of the head using an 
elastic band. The connection between the amplifier and 
the computer was made using a Bluetooth connection. 
For EMG measurements, the muscleBAN (PLUX 
Wireless Biosignals, Portugal) was used. This wearable 
wireless (Bluetooth or Bluetooth Low Energy data 
transmission) device combines a single-channel EMG 
sensor, triaxial accelerometer and magnetometer and in 
that way enables real-time acquisition with up to 16-bit 
resolution at up to a 1000 Hz sampling rate. 

RESULTS AND DISCUSSION 
The experiment involved using an EEG system with 24 
channels, which were recorded during the entire 
experiment on the subjects. Only three channels were 
suitable for further analysis (Figure 1). The signals 
value is represented as an analog-to-digital conversion 
value represented in 16 bits. This value hasn’t got a 
physical unit but represents scaled voltage of EEG 
voltage. 
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Figure 1. EEG signal amplitude over time 

The first step in signal processing was filtering, in order 
to obtain the corresponding frequency bands. These 
bands were delta up to 4 Hz, theta from 4 to 8 Hz, 
alpha from 8 to 13 Hz, beta from 13 to 30 Hz, and 
gamma from 30 to 100 Hz. The banded signals were 
now more suitable for further processing (Figure 2). 
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Figure 2. EEG signals for different bands 

The following step in EEG signal processing was to 
calculate the spectra in the frequency domain using a 
Fourier transform (Figure 3). 
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Figure 3. Spectra of one EEG channel for different 

bands 

The EMG signals recorded simultaneously with EEG 
and the amplitude variation for both sessions of the 
experiment are shown in Figure 4.  
 

 
Figure 4. EMG signals in [mV] for both sessions of the 

experiment during time 
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Based on the low number of the subjects’ experimental 
results, it can be concluded that EMG data is suitable 
for classification between both sessions of the 
experiment. This is because it is easy to notice the 
difference in signal patterns between the sessions. As a 
measure of similarity, cross-correlation can be used for 
EEG and EMG signals, respectively. This fact allows 
the provision of ergonomic information about a subject 
according to recorded signals. Owing to improvements 
in artificial intelligence methods and tools, it is possible 
to improve the quality of this information and to draw 
conclusions that would not be possible by using 
standard deterministic models.    

CONCLUSION 
Modern organizations strive to improve traditional 
workstations where workers perform repetitive, 
monotonous, and tedious assembly activities and to 
improve the safety and health of operators performing 
these activities by reducing work injuries and 
occupational diseases and improving physical and 
psychological health and worker satisfaction. The 
improvement of traditional workstations poses a major 
challenge for modern industrial systems. 
Performance of repetitive manual assembly activities at 
traditional non-ergonomically designed workstations is 
widespread in many modern manufacturing systems. 
This paper presented the results of monitoring the 
muscle and brain activity of respondents who perform 
assembly activities for a long period of time in an 
improper body position, in order to determine the 
ergonomic risks to the workers are exposed to. 
It can be concluded that it is possible to use EEG and 
EMG signals for the purpose of classification and 
connection with ergonomic performance. The next step 
in the research should be to create a data set of signals 
for both sessions of the experiment and then develop a 
model for predicting the ergonomic characteristics of a 
specific subject, which will be a part of future research. 

It can also be concluded that the appearance of mental 
fatigue and a decrease in concentration in all three 
subjects occurred during the second session, which 
coincides with the answers by the subjects in the oral 
interview, which was conducted immediately after the 
experiment. During the interview, the respondents 
stated that they began to feel mental fatigue and a 
decrease in concentration during the second session, 
more precisely in the middle of the second session. 

On the basis of the data obtained using EEG and EMG, 
a new collaborative workstation was proposed in which 
a poka-yoke device was installed. The new workstation 
is aligned with ergonomic and lean principles and is 
adapted to the individual characteristics, capabilities, 
skills, and limitations of the operator. At the proposed 
workstation, workers will perform activities within the 
golden zone where, on the one hand, their productivity 
and efficiency are at the highest and, on the other hand, 
occupational diseases and injuries are reduced to a 

minimum due to the elimination of unnecessary 
bending and stretching of the worker’s body. 
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