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ABSTRACT

Human factors receive increasing attention in maritime operations as it is found that
human errors cause up to 90% of maritime incidents. One of the solutions to enha-
nce safety in maritime navigation is to consider both technical and non-technical skills
during training and assessment. Technical skills are always the first and foremost step
in training or assessment. However, it may not be enough to solely conduct the navi-
gation safely and efficiently by technical skills. Non-technical skills such as situational
awareness, workload and stress management, and decision making also play a cri-
tical role in safe navigation and should not be overlooked. In addition, the seafarers
spend a long time on board as part of their typical work pattern, and due to the current
pandemic, they might be stranded at sea for even longer. It has been urged that ship
owners and managers take the right actions to care for seafarers’ mental well-being,
such as stress and fatigue. To fulfil the needs of non-technical skill assessment and
monitoring of mental well-being, electroencephalogram (EEG) is utilized to recognize
the seafarers’ mental stress when performing specific tasks in a full-mission Adva-
nced Navigation Research Simulator (ANRS). The EEG-based recognition has unique
advantages over the other biosensors. For example, it has high temporal resolution
and reflects the mental states that are not identifiable from facial expressions with
acceptable accuracy. A simulator allows the researchers to design and implement
navigation scenarios with different weather conditions, traffic density, vessel types,
emergency alarms, etc. This is ideal for conducting experiments for human factors
study. An experiment has been designed and conducted in ANRS to validate the use
of EEG for maritime navigational competency assessment. Participants with varied
maritime backgrounds and roles were invited for data collection, e.g., navigating offi-
cers and experienced marine Pilots. Demanding events such as engine failure, close
quarter situation, and other bridge equipment failure were marked during the EEG data
recording. The results show that the EEG based stress recognition correlates with the
demanding events in the experiment and can reflect the difficulty level of the challen-
ging circumstances. The proposed EEG-based recognition can be used to study the
human element in competency assessment using a maritime navigation simulator to
ensure objective competency assessment.
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INTRODUCTION

Navigation safety is crucial as maritime accidents could cause loss of lives
and economic benefits, pollution to the marine environment, etc. (Soares
and Teixeira, 2001). Regulations have been made under different internatio-
nal conventions, and advanced technologies have been developed to prevent
maritime accidents. However, the accidents rate is still high (Baniela and Rios,
2011), and most of them are caused by human errors (Baker and McCafferty,
2005). (Hasanspahic et al., 2021) has applied the Human Factor Analy-
sis and Classification System for Maritime Accidents (HFACS-MA) method
to analyze the historical marine accident reports from 1 January 2010 to
31 December 2019 and identifies that the most frequent accident causal
factor was the condition of an operator(s). Some examples in the state of
operator(s) category include fatigue, stress, and non-technical skills such as
situation awareness, leading to low performance and unsafe situations (Roth-
blum et al., 2002). It is also noticed that stress needs special attention as
people under extremely high stress tend to have more human errors and are
one reason for fatigue (Smith et al., 2007). To improve navigational safety,
more attention should be paid to the condition of the navigator. For example,
non-technical skills such as situational awareness, fatigue/stress management,
and decision making are recommended during training and assessment.

Due to the nature of sea service, the seafarers spend a long time on board
as part of their typical work pattern, and due to the current pandemic, they
might be stranded at sea for even longer. It has been emphasized that ship
owners and managers should take the right actions to care for seafarers’ men-
tal well-being, such as stress and fatigue (MPA Singapore). One of the ways
to monitor mental states is through biosignals. It has been proven that bio-
signals such as heart rate (Ozsever and Tavacioglu), electroencephalogram
(EEG) (Lim et al., 2018) could be used to monitor mental workload and
stress.

In our work, EEG is used to measure the stress of the navigator and
marine Pilots as it has high temporal resolution and reflects the mental
states more intuitively — directly from a human brain. An experiment was
designed and carried out in a full-mission Advanced Navigation Research
Simulator (ANRS) for EEG data collection. A navigation simulator allows
the researchers/trainers to replicate scenarios similar to the one in real life
with different factors, e.g., adverse weather conditions, traffic density, and
emergency conditions. From the analysis results, we see great potential to use
EEG to monitor the stress level of the navigators in competency assessment.

The paper is organized as follows. In the related work section, stress and
maritime navigation safety and stress measurement at the workplace have
been reviewed. The methodology section introduced the algorithm used for
the EEG-based stress recognition. The experiment section shows the details
of the experiment designed for data collection, including participants, device,
scenarios, and experiment procedure. The results section presents the pre-
liminary analysis using data from two pilots, followed by the conclusion
section.
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RELATED WORK

Stress and Maritime Navigational Safety

Extreme stress at the workplace could damage employees’ well-being and
decrease their performance (Mozgovoy, 2019). From the Yerkes-Dodson
human performance and stress curve (Yerkes and Dodson, 1908), it shows
that too little stress leads to inactive or laid back, too much stress leads to
fatigue and exhaustion, extreme stress causes anxiety, panic or breakdown,
while adequate stress boosts the performance which is considered as opti-
mum stress. Thus, it is important to monitor stress and assess the ability to
handle stress to improve maritime navigational safety.

To induce stress, stressors could be both mental (Lazarus and Folkman,
1984) and physical in personal and professional life (Anderson et al., 2002).
Seafarers are usually exposed to more stressors when they are on board
and reported to have a higher level of stress compared to normative groups
(Parker et al., 1997). A literature review has been done in (Carotenuto et al.,
2012) and shows that the causes of stress for seafarers include separation
from family, loneliness on board, fatigue, multi-nationality, limited recrea-
tion activity, sleep deprivation, etc. A survey from the Australian Maritime
Safety Authority (AMSA) also shows that there could be differences in stress
experienced by seafarers with varied occupational categories (Parker et al.,
1997). For example, masters/mates were found to have higher incidences of
both occasional to frequent and moderate to high-level stress than crew mem-
bers. The raised stress level not only harms the well-being of seafarers but also
leads to fatigue, loss of attention, low productivity and eventually accidents
(Alderton et al., 2004). Other than stress during regular routine navigation,
there could be “crisis routine navigation” encountered by seafarers, which
is the period just before the accidents (Dominguez-Péry et al., 2021). Under
such a situation, the stress level of seafarers is most likely to increase, and
their performance could be affected (Sheridan, 2008). In summary, stress is
one of the important factors that affect maritime navigational safety.

Stress Measurement at Workplace

Stress can be measured by questionnaires on physiological biomarkers
(Lupien and Seguin, 2013). For example, a N.U.T.S. questionnaire has been
developed by (Centre for Studies on Human Stress) to measure stress. Using
blood, urine and saliva, the hypothalamic-pituitary-adrenal (HPA) activation
can be measured, which is an indicator of stress level. An interesting finding
from (Stetler and Guinn, 2020) also shows that Cortisol levels from hair can
reflect the stress experienced. Other biomarkers for stress measurement from
the literature include heart rate (Hjortskov et al., 2004) (Mozgovoy, 2019),
blood pressure (Hjortskov et al., 2004), Galvanic Skin Response (Mozgo-
voy, 2019), vagal tone (Porges, 1995), Salivary alpha-amylase (Nater et al.,
2005), and Motion Activity (Mozgovoy, 2019). However, not all the mea-
surements are suitable for the workplace. The ideal measurement should be
able to monitor the stress level of the employees accurately and timely without
interrupting their primary tasks.
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Table 1. Stress recognition based on emotion and workload
(adapted from (Lim et al., 2018)).

Emotion Level Workload Level Stress Level State

Positive Relaxed 0 Low

Neutral Relaxed 0 Low

Negative Relaxed 1 Medium Low
Positive Minimal 2 Moderate Low
Neutral Minimal 2 Moderate Low
Negative Minimal 3 Medium
Positive Moderate 4 Medium High
Neutral Moderate 4 Medium High
Negative Moderate 5 Moderate High
Positive High 6 High

Neutral High 6 High

Negative High 7 Very High

In recent years, Electroencephalogram (EEG)-based mental states recogni-
tion has gained increasing attention due to the availability of easy-to-set-up
EEG devices for healthy users. The EEG-based recognition has some unique
advantages such as high temporal resolution, a reflection of inner and true
feelings. Several studies have been published to use EEG to identify the emo-
tion (Liu et al., 2011), workload (Lim et al., 2015), stress (Hou et al., 2015),
and fatigue (Liu et al., 2020).

In this paper, we applied the EEG-based stress recognition to identify the
stress level of the navigators and marine Pilots and analyzed their responses
to demanding events in the simulated scenarios.

METHODOLOGY

The algorithm for stress recognition using EEG signals in (Lim et al., 2018)
is adopted in our work, where stress is obtained using the combination of
emotion and workload. The idea of combining emotion and workload to get
stress is illustrated in Table 1. In this algorithm, Higuchi Fractal Dimension
(Higuchi, 1988) and six statistical features (Picard et al., 2001) are extracted
from the raw EEG signals using a sliding window of 4 seconds which moves
by 1 second each time. Support Vector Machine (SVM) classifier is used in
the training and classification steps (Liu and Sourina, 2014).

EXPERIMENT

An experiment has been designed, and the EEG data collection is still in
progress. A full-mission ANRS is used in the experiment to simulate the
navigation scenarios.

Participants

Currently, 13 participants have participated in the experiment, 8 of them are
navigators with at least one year of independent navigational watchkeeping
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experience, and the other 5 are marine Pilots with more than ten years of
Pilotage experience.

Device

EMOTIV EPOC X (Emotiv) is used to capture the EEG signals. The device
comes with 14 channels sensing the whole brain and wireless connectivity.
The sampling rate of the EMOTIV device is 128 Hz.

Scenarios

For navigators, the scenario is based on navigation in the busy traffic separa-
tion scheme (TSS) in Singapore Straits and manoeuvring the ship to pick up
Pilot at an assigned Pilot Boarding Ground (PBG).

For marine Pilots, the Pilot navigates the ship from PBG to an assigned
anchorage in the first scenario and to the berth for the second scenario, inside
the Singapore Port.

Experiment Procedure

The participants are briefed about the scenario, and the goal of the expe-
riment. The consent forms are signed for their willingness to participate.
They are given time to familiarize themselves with bridge equipment and to
manoeuvre the vessel in the simulator. For every instance of data collection in
ANRS, there are two participants. One of them is Officer of Watch (OOW) or
Pilot, and the other acts as Helmsman. The EMOTIV device was mounted at
the participants who acted as Pilot or OOW after the simulator familiariza-
tion. Two calibration sessions were carried out for the participants with the
EEG device. In the first calibration session, two sets of sound clips selected
from the IADS database (Stevenson and James, 2008) were used to elicit posi-
tive and negative emotions. In the second calibration, three levels of Stroop
color test (Golden and Freshwater, 1978) were used to induce three levels of
workload, from low to high. In this Stroop color test, the participants need to
react to the color of the word and ignore the meaning of the word seen from
the screen by pressing the corresponding numerical key. In the first level, the
meaning and color of the word are congruent; in the second level, the mea-
ning is different from the color of the word; in the third level, in addition to
the incongruence, the participants need to react within 1 second; otherwise, it
is considered as an incorrect reaction. Besides these two calibration sessions,
1 minute of eyes-open and eyes-closed EEG were also recorded, and the eyes-
open EEG was labeled as neutral emotion and relaxed state for the mental
workload. As a result, there are three sets of calibration data collected for
emotion recognition, namely positive, neutral, and negative; there are four
sets of calibration data collected for workload recognition, namely relaxed,
minimal, moderate, and high, as shown in Table 1. The calibration data were
used to train the SVM classifiers as described in the Methodology section.
Once the calibration data had been collected, the navigation exercises were
started. During the exercises, demanding events such as engine failure, close
quarter situation, and another bridge equipment failure was introduced, and
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Table 2. Average stress experienced by
two pilot participants.

Participant ID Scenario Average Stress

1 1 4.37
2 4.17
2 1 2.72
2 2.47

Table 3. Average stress for demanding events experienced by two
pilot participants.

Participant ID Scenario Demanding Event ID Average Stress

3.54
3.81
4.09
5.26
4.79
2.2

2.61
3.45
1.75

1 1

N = = =W -

such events were marked in the EEG data collection to analyze the changes
in stress during such events.

RESULTS

In this section, the preliminary results from two Pilots are presented. Both
Pilots have been through scenarios 1 and 2 for the Pilot group. The average
stress over the entire exercise for scenarios 1 and 2 are shown in Table 2, from
which we can see that Participants 1 experienced a higher stress level than
Participant 2 for both scenarios, which could be due to management of stress
based on their work experience and ability to cope with unfamiliar situations.
It is also interesting to see both participants experienced lower stress levels
in the second scenario. Scenario 2 is mostly in an area with lesser traffic
density and in protected waters, and the noted stress level is in alignment
with expected outcomes.

The stress level for demanding events such as close quarter situation while
entering anchorage area, failure of main engine or some bridge equipment
during the exercises have been analyzed as well, and the results are shown in
Table 3. Participant 1 was labeled with five demanding events in scenario 1
and one demanding event in scenario 2, while participant 2 was labeled with
only one demanding event in scenario 1 and two demanding events in sce-
nario 2. We can see that participant 1 had increasing stress from demanding
events 1 to 4, and it lowered a bit for the last demanding event in scenario 1.

The bar chart illustrating the distribution of different stress levels experi-
enced by the participants are plotted in Figure 1 and 2, respectively. In these
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Figure 1: Distribution of different stress levels experienced by participant 1 (a) in
scenario 1 (b) in scenario 2.
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Figure 2: Distribution of different stress levels experienced by participant 2 (a) in
scenario 1 (b) in scenario 2.

figures, the X-axis shows the stress levels ranging from 0-7, corresponding to
Table 1. Some levels are missing in the figures due to there being no such level
experienced by the participant, e.g., in Figure 1 (b), there is no stress level 7
for participant 1 in the second scenario. The Y-axis is the percentage of the
duration for a certain stress level over the entire exercise, e.g., in Figure 1
(a), participant 1 experienced stress level 8 for more than 50% time of the
entire exercise. From Figure 1, we can see that participant 1 had a more rela-
xed state and low stress states in scenario 2 compared to scenario 1. From
Figure 2, we can see participant 2 had an almost similar pattern for stress
in both scenarios, which is also consistent with the very close average stress
levels for scenarios 1 and 2 shown in Table 2.

CONCLUSION

In this paper, we presented the work using EEG to assess the stress of the
marine Pilots in a full mission ANRS. The preliminary analysis results show
that the EEG-based stress recognition can correlate with the demanding
events in the experiment and can reflect the difficulty level of the demanding
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events. It also shows the varying ability of the Pilots to cope with unexpe-
cted events. It also shows that Pilots with more work experience tend to have
lower stress for the same scenario, and each individual reaction to the deman-
ding events shows a variable response. This EEG-based stress recognition has
the potential to be used in navigational competency assessment to evaluate
the stress management capability of the navigators in an objective manner.
In the next step, we will analyze the data from more participants and inte-
grate the stress recognition to propose a navigational competency assessment
framework.
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