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Chapter 1 Research background

In human machine systems where the risk of accident is closely related to human component such as
in maritime operation, it is crucial to maintain an optimal Operator Functional State (OFS). The
complexity of these modern systems, the rapid update of contemporary technologies and reduced
manning level ali contribute to the high cognitive demands experienced by on-board crewmembers.
The core element of ERM and BRM is to appropriately allocate resources, among which personnel
resource is the most important one, considering the priority of tasks. While the condition of
machinery and information resources are relatively straightforward, the condition of every
crewmember is implicitly difficult to quantify. With knowing the functional state of operators, the
allocation of personnel resources can be conducted more effectively, The purpose of this research is
to categorize the human factors that lead to suboptimal operator performance and to develop
different methods to recognize those suboptimal factors. The evaluation methods of OFS fall into

three general categories: subjective rating scales, physiological signal based objective measures, and

-performance based measures.

- Chapter 2 Preprocessing of physiological signals

In the work environment of maritime domain, operators have to complete required tasks in an
ambulatory situation. The necessity of pre-processing physiological signals is emphasized by the fact
that many artifacts would decrease the signal quality, especially when the subject has many body
movements. In chapter 2, a combination of recursive percentage filter and median filter is used to
detect and replace outliers of RR interval series. In an attempt to eliminate attifact of single channel
EEG, which is always contaminated across all relevant power bands, an accelerometer was directly
attached to EEG electrodes to measure electrode vibration. We used a portable EEG device (Digital
electronic, Japan) with two channels. Channel 1 is for scalp voltage measurement (EEG electrodes),
and channel 2 is an accelerometer attached directly to the electrodes to measure electrodes vibration.
EEG epochs that are contaminated by movement artefact can be detected based on the power of
channel 2. A linear model that based on calculating covariance and maximizing independence is
proved effective in reducing artifact of small amplitude across wide range of power bands (1-40 Hz).
If it is hypothesized that the signal measured by EEG electrode E (channel 1) is the linear sum of
clean EEG signal S and artifact caused by electrode movement measured accelerometer V (channel
2), we can have the following linear model with two unknown constants k and b. Calculate the
covariance between E and V,
‘ cov(E,V) =cov(S,V)+k-cov(V,V)+cov(b,V)
As S and V are from different resource and if we maximize the independence between S and V, we
can have
k=cov(E,V)/ D(V)
S+b=E-k-V

In actual situation, both head movement and verbal communication happen occasionally, resulting
intermittent contaminated signal. Therefore, the solution of k and b can be different when signals are
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Figure 2 a. HE of rest, first half of pipeline work, second half of pipeline work, and recovery
condition. b. Torque variance during first half and second haif of pipeline work.
The first and latter half of torque variance were 5.6+2.1 Nm and 6.2+2.0 Nm (Figure 2 b), indicating
that the bolts were more evenly tig}ﬁened in the first half when participants® degree of fatigue was
lower. HE of rest, first half of pipeline work, second half of pipeline work, and recovery baseline
were 0.91+0.17, 1.12+0.07, 1.19+0.10, and 1.08+0.18, respectively (Figure 2 a). HE of working
condition is significantly bigger than that of rest condition (p=0.003). HE during the second half of
pipeline work was significantly higher than first half (p=0.04), which might be caused by fatigue.
RR interval series were cropped into segments that corresponded with the onset of tightening each
flange and ended 40 seconds later after accomplishment of tightening each flange. A weak positive
correlation (Figure 3) between HE and torque variance was found for five participants. The average,
correlation coefficient was 0.26:+0.1. It indicates that the participant’s working accuracy was lower

when HE was higher, although this cause-and-effect relationship was unclear.
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" Figure 3 Correlation between Hurst exponent and work accuracy

Chapter 5 Estimation of mental workload in actual ship operation

In chapter 3, experiments were conducted in laboratory and simulator environment. Physiological
signals were successfully measured under a relative controlled situation. However, real on-board
environment is subject to many noise resources such as vibration and ship motions. For different
individual subject, reference tasks whose difficulty is manipulated in a same range and pace, may
elicit different arousal level. This is partjally reflected by the results in chapter 3 that subjects show
different tendency of ceiling effect. In addition, task of different difficulty level can elicit similar
arousal level, represented by close values of physiological features. Therefore, in Chapter 5, a real
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world experiméht that studies the mental workload of the first engineer of training ship Fukaemaru is
described. During the leaving port and entering port condition, the subject was in charge of operating
and monitoring the‘engine system in the engine control-console area. The subject had to verbal
communicate with other engineers inside the engine room, the on-duty navigation officers, and the
chief engineer. He was free to walk around in the ship bridge, where the engine control console was
set. One information flow model that divides operator’s mental capacity into four channels: visual,
auditory, cognitive, and psychomotor (VACP) is used to analyze subject’s behavioral information.
The weight of each channel is assigned with an orderly scale according to the mental workload
exposed to the subject. The total VACP score is calculated t;y summing up the weight of four
channels. Individualized combination of physiological features are decided based on the clustering
quality - in n-back task, which can be quantitatively evaluated from an I-index

P
I(K) =[%x -If—'x DKJ . Two methods are used to calculate the distance. First, Euclidean distance

3
is generally defined as point-to-point distance. Euclidean distance is also known as geometrical
distance. Before calculating Euclidean distance, the variables of input features must be normalized to
eliminate the effect of different scales and units. Mahalanobis distance is a multi-dimensional
generalization of the idea of measuring how many standard deviations away a point is from the mean ~

of a sample. Through a selection process of calculating I-index based on Euclidean distance, feature
vector of [#,, r,, meanHBI, sdHBI, LFHF] under 0-back, 1-back, and 2-back task are considered

as low, normal, and high MWL training data set respectively. The input features for Mahalanobis

distance based classifier is [7,, 7,, meanHBI, sdHBI, LFHF]. The k nearest neighbour (k-NN)

classifier is one of the most basic pattern recognition methods. The basic principle of k-NN is the
intuitive idea that data points belong to a same cluster should be close to each other in the feature
space. To decide the choice of parameter k, ten-fold cross validation is used to check the within
n-back task classification accuracy. Ten-fold cross validation is to randomly and averagely divide
the sample into ten sets, nine sets of data as training data and the left one set is used as test data set.
This validation process is repeated ten times to ensure all data has been used as test data, The
parameter k varies from 1 to 19, and the result shows that the error rate is minimum when k=3.
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