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As the marine industry becomes more complex and
challenging to manage optimizing the idle time of vessels is
critical. Although previous idle time reduction efforts in
maintenance were through the evaluation of crisp numerical
values in optimization models, none of the studies has
considered the effect of uncertainty and imprecision on the
system. Consequently, in this paper, a linguistic-based
optimization model is developed using the fuzzy-genetic
model for the discredited time-maintenance manpower-cost
saving problem. The suggested model is moved for the
following reasons: (1) it considers linguistic terms to
express the optimization of vessels' idle time from a unique
perspective of deploying genetic algorithm while
considering the minimum and maximum number of times
vessels may return for maintenance (2) it has an indirect
measure of the quality of maintenance service which is
absent in previous models (3) a cost-saving dimension is
introduced where the ideas of low, medium and high-cost
savings are examined. The results show the feasibility of the
approach. The model advanced promises to provide vessel
controllers with an idle time assessment framework, which
enhances the chances of generating the utmost profit for
companies.
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1. INTRODUCTION
The literature relating

to maintenance

development and integration of soft

scheduling is wide and is still expanding
(Alkhamis and Yellen, 1995; Anily et al.,
1998,1999; Charles-Owaba, 2002; Oke and
Charles-Owaba, 2005a,c). However, the

computing tools into production systems are
also well understood in the literature (Chanas
and Kasperski, 2001; Foretemps, 1997; ltoh
and Ishii, 1999; Fayad and Petrovic, 2005,
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Petrovic and Fayad, 2004; Petrovic and
Geiger, 2004; Walker et al., 2001).
Application has also been made to services
(Li and Kwan, 2001), and is gradually
extending to maintenance scheduling (Oke
and Charles-Owaba, 2005b; Abdulwhab et
al., 2004; El-Sharkh et al., 2003; El-Sharkh
and El-Kerb, 2003). However, a promising
area of research in scheduling relates to the
development of hybrid models (Ram and
Olumolade, 1987), and fuzzy and genetic
systems (Sakawa and Kubota, 2000; El-
Sharkh et al., 2003). However, the works by
El-Sharkh et al. (2003) and EI-Sharkh and El-
Kerb (2003) form the foundation for the
current paper and have directed its thrust.

Nonetheless, in  commercial fishing
literature, several aspects of the research have
been conducted. Examples are as follows.
Sandsund et al. (2019) established
musculoskeletal symptoms among people in
commercial fishing in Norway. It was
concluded that musculoskeletal issues are
prevalent among commercial fishers. But
roughly 77% of fishers in vessels studied
declared good and very good health status.
From the preceding article, it is
understandable that musculoskeletal issues
may result in sickness absence and
hospitalization. Hence, Oren et al. (2019)
followed up the previous research by
Sandsund et al. (2019) by analyzing the
prevalence of doctor-attested sick leave
among Norwegian fishers. In conclusion, the
authors confirmed that musculoskeletal
issues are top-rated causal factors of sick
leave attestation by doctors in Norway.

The above literature review has dealt with the
health and ergonomic issues of the
commercial fishing business and its
association with fishing vessels. However,
another aspect of interest is the investigation
related to the profit of the catch business for
fishing vessel organizations. In this aspect,
Vassdal and Bertheussen (2020) analyzed the
profit estimates of a fishing vessel
organization. It was concluded that the catch
business unit perspective utilized in the
article is effective. Closely related to the

previous article is the study on the
profitability —of  fishing  vessels by
Bertheussen and Vassdal (2021) which
empirically analyzed Norwegian seagoing
workers. They concluded that substantial
profitability enhancements are linked to
established institutions and their activities.
Moreover, the focus of Aprilliani et al. (2020)
is to examine the proportion of the principal
dimensions of a vessel in its relative
performance with multipurpose gear. It was
concluded that the length/breadth proportion
seems to exceed the minimum criteria.
Furthermore, Burella et al. (2019) provided a
framework to analyze the strategies for the
maintenance of fishing vessels when risk is
factored into the analysis. The suggested
model is a mechanism to estimate
maintenance interval time for main
propulsion systems and risk factors are
established by goal definitions. It was
concluded that 45% savings in the cost of
maintenance budgets was achieved.

Interestingly, to run a profitable organization,
one of the factors planners consider is the
percentage of hours a machine or piece of
equipment is run in a predetermined period.
It would be very desirable if production
equipment could be run continuously for its
whole lifetime but preventive maintenance is
a must for all equipment if they are to give
their best service for their design lifetimes.
Hence, the challenge is to schedule
maintenance periods such that they provide
the minimum disruption possible to
productive work by this equipment. This
paper aims to present an alternative way of
modeling  the  maintenance-scheduling
problem and then to give figures derived
from simulations. Optimization is carried out
by the use of genetic algorithms. This
involves the generation of initial solutions
that match the objective function's definition
and constraints and then further improving
them by using natural mutating and crossover
techniques. The final results are then chosen
as the final solution to the problem.

This paper considers a hypothetical fishing
company with trawlers that have to report in
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for maintenance according to a planned
schedule. Since a planned schedule is being
considered, maintenance activities due to
eventualities such as hurricane damage are
not considered. The paper seeks to minimize
the idle time of such vessels. The idle time
under consideration is the time the vessels
spend not doing productive work. This
includes the time that vessels spend returning
to the docks for maintenance and the time
they spend in the docks waiting for
maintenance to start. It can easily be seen
that the minimum time is non-zero. Specific
trawlers are taken and subject to defined
constraints, the minimum time spent by these
trawlers is found using optimization
techniques based on genetic algorithms.

The maintenance system in place is such that
there are standard maintenance crews.
Depending on the estimated amount of work
to be done on the vessel, crews are assigned
to the vessels. The availability of crews is
subjective as it can be influenced by factors
ranging from weather conditions to the total
number of docked vessels in other dockyards.
The subjectivity of this parameter is taken
care of with the use of a fuzzy set to represent
the available number of crews. The time is
discretized by dividing it into units
(preferably weeks) and each ship will come
in for its maintenance within a time slot. It is
desirable for the number of returns a vessel
makes in a planning period to be bounded for
proper evaluation of its productivity. A
vessel that returns a minimum number of
times while hauling in large tonnages would
be seen to be a very productive vessel. It is
also taken that there is a limitation on the
number of vessels that can be in the
maintenance facility at a time for reasons of
space and maintenance equipment.

The remaining parts of this paper are
sectioned into model development, fuzzy
components and membership, case study, and
conclusion. Model development has two
aspects: notations, and model formulation.
The notations used in the body of this paper
are first defined, and then the analytical
framework for the model is presented. The

next section discusses the fuzzy component
of the model. It is at this stage that the
subjectivity of parameters would be treated.
A case illustration is then made on a fishing
company vessel maintenance system with an
illustrative computer program adapted to
solve the problem.

2. MODEL DEVELOPMENT

2.1 Definition of parameters and
notations

The following represents the parameters and
notations used in the work.

t . discretized period index

T . set of all periods i.e. the
planning period

Tm : a set of maintenance time
indices (Tmc T)

¥ . maintenance period index (y
€ Tm)

i . vessel index

| : aset of all vessel indices i.e.
the fleet

K :number of vessels in the fleet
(N)=k, iel)

Im :a set of wessels 1| in
maintenance (Im < I)

p . index of wvessels | in
maintenance (p € Im)

AM; . available manpower at period
t

c . a crew of maintenance
workmen

n . integers  representing the

number of available

maintenance crews

minimum number of crew

required for the maintenance

of vessel i for period t

min ©minimum number of times

: vessel i may return for
maintenance  during  the
planning period

pmex : maximum number of times

vessel i may return for

maintenance  during  the

planning period

ri : number of times vessel i
returned for maintenance in
the planning period

RMC™

TMit . the time required for
maintenance of i in period t.

TOut . atime i operates in period t.

Yit . maintenance start indicator
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LC : low-cost savings
MC : medium cost savings
HC . high-cost savings

Discretized time index: A value sequence
that matches specific instantaneous time.
It is similar to a continuous function and
maps the various inputs, including time
spent in maintenance, quantity, quality,
and cost of materials wused for
maintenance, materials availability, and
vessel life while the output is the quantity
of service rendered to the vessels. A
perspective of visualizing this problem is
to assume a non-zero integer TmE the
discrete-time in a manner that t.e discrete
time, X(t + Tm) = X(t). Here, the smallest
known value of Tm may be defined as the
primary period. Planning period: Time
ranges that are used for energy planning
data. Within this period the anticipated
quality service of vessels for a given
scenario plan is predicted. It is often
evaluated from a reference period to a
future period. Maintenance time indices:
These are maintenance indicators used to
control the planning activities for the
maintenance system. In a way, they
evaluate any of the following according
to the set goal of the maintenance
manager: reactive maintenance hours,
work order cycle period, maintenance
cost, unscheduled downtime, and mean
time between failures. In this work, the
aspect described extends to the gamma
function described in the list of notations,
which is described as a subset of Tm. Set
of all vessels: A group of trawler vessels
sailing together, owned by the
organization being analyzed, for the same
set of activities. The crew of maintenance
workmen: This is a group of workers
responsible for fixing and maintaining the
trawler vessels. They also engage in the
routine maintenance of the trawler
vessels. The minimum number of crew
required: To operate a trawler vessel, the

need number of crew is a function of
many things: How urgently the repair
service is needed, the capacity of the
vessel (high capacity engines may require
an assistant or assistants for physical or
mental contribution to the maintenance
activity. Notwithstanding, technology
nowadays is reducing the manual labor
required for vessel repairs as many of the
components are automated. Besides, the
replacement of components of vessels
and sub-parts is becoming common in the
day-to-day maintenance activities of
trawler vessels. It is important to know
that the presence of the maintenance crew
keeps the vessel operating smoothly. Low
medium and high-cost savings: In
maintaining trawler vessels, substantial
costs are expended by way of part
replacements, engagement of ad-hoc
staff, consultants for special services, and
other activities. However, through
training and demonstration of special
skills by a new or old maintenance
worker, certainly, anticipated
expenditures may not be embarked upon
again. In this instance, the organization
avoids the expenditures. It could be the
brilliance of the crew to have improvised
(developed local  substitutes  for)
components, which ordinarily would
have been ordered from overseas using
the hard-earned money of the company to
purchase for foreign exchange. Apart
from the cost of the components, hours of
production lost are a cost to the
organization. Thus, low, medium, and
high-cost savings refer to the advantages
that the vessel organization derives from
the local substitution initiatives of the
maintenance crew, for the parts, which
could have been imported from overseas.
These actions minimize the vessel
organization's total expenditure while
conserving the profit. Notice that this
spending influences the bottom line of the
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vessel organization. It is also found out
that apart from local substitution of parts,
the maintenance manager and his/her
crew may engage in improving the
efficiency of the trawler vessel and also
negotiate reduced prices of supplies to the
company, an action that could result in
low, medium or high-cost savings for the
organization.

2.2 Model formulation

The problem statement is as follows:
“Minimize the difference between the time a
vessel spends being maintained, and the time
it spends doing productive work, and the total
period under consideration.”

In other words, it could be stated as:
Minimize [Total period under consideration
— (time a vessel spends being maintained +
the time it spends doing productive work)]

The motivation for this is to minimize
avoidable delays. However, effective control
of minimizing idle time could be achieved if
a penalty cost, usually referred to as the
opportunity cost of being idle could be
charged. Such a factor could be incorporated
into the model developed on fuzzy-genetic
concepts. However, future studies could
consider this. It is thus avoided here for
simplification of model development.
Mathematically, for a total planning period,
T, operating periods, TOj;, and maintenance
periods TM;, the problem statement above
can be generally written as:

Minimize [T - (sum of (TO, ) )
+sumof (TM, MteT (1)

This is an initial formulation. The expression
is modified accordingly. The maintenance
start indicator is defined as follows:

1, e <t<l.-TM, ¥
Yi =

= 2
0, otherwise @

ei <t < Ii — TMj represents the maintenance
start periods. Using the maintenance start
indicator, equation (1) is modified as follows:

asum of (TOy) = > (TO, *(1-y,)) (3)

iel teT

b.sumof (M= 3" S (TM =y} (4)
peln reTy

since during maintenancet=vy, T=Tn, i =p

and | = I,

Putting (3) and (4) in (1), we obtain:

min(Z(T - (ZZ(TOn * (1' Yit ))

ieT teT

+ z Z(TM py ¥ (1' ypy)))) ®)

pelmyeTm

Equation (5) represents the objective function
of the optimization problem. The constraints
of the function are determined as follows:

le<t<l -TM, ¥t
a. Y, =
Ye 0, otherwise

b. The number of times a vessel I returns for
preventive maintenance in a planning period
is bounded. Mathematically,

< <™ (6)
¢. The available manpower should not be less
than the required minimum number of crews
for the maintenance of vessel i for period t,
i.e.

D> > RMCI <> AM, (7)
pelmyelm teT
The available manpower can be expressed in
terms of the number of crews

> AM, =nc (8)
teT

> > RMCH <nc 9
pelmyelm

d. The total time spent in maintenance for
any vessel i should not be greater than the
total time the vessel spends in operation
doing productive work i.e.

YHT0>D D TM (10)

iel teT pelmyeTm

The  fuzzy-genetic  system for the
maintenance  scheduling process  first
establishes the fuzzy logic controller, which
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receives material availability, vessel life, and
maintenance period as inputs while the

output is the quality of maintenance service
(Fig. 1).

e Error Adjusted Maintenance system
- i ilability i variables
_\'\;l:;:é:e}liéva"abmty index » Controller of the fishing vessel
-Time
A
Quality of serviced
fishing vessel
Feedback [«

A 4

Report results

Knowledge base

Genetic algorithm-oriented
tuning

Fig. 1. A fuzzy-genetic system for the maintenance scheduling process

As the vessels are serviced, they are regarded
to be in an as-good-as-new state such that
they do not break down immediately they are
used only for a limited time for operations
before being returned for maintenance again.
However, notice that the quality service
expected from the maintenance service only
appears after the application of the genetic
algorithm-oriented turning while the fuzzy
system had been done first.

A knowledge base framework assists in
generating  discriminant  features  (i.e.
combined features of the maintenance data
with attributes that separate the various
inputs and outputs to the maintenance
system. Through the knowledge base, a
complicated set of mappings is done between
the various inputs (such as the material
availability, duration of maintenance, and
vessel life) and the output (quality and
maintenance service rendered to the fishing
vessel). As such, the genetic algorithm,
which terminates the fuzzy-genetic method
used in this study, obtains near-optimal
solutions as in the case of the difficult
maintenance scheduling problem considered
in the present study.

The issue is that the solution of the
maintenance scheduling problem, which
would have taken an unreasonable time to

resolve, will now be resolved on time through
the activity of the genetic algorithm. Then the
results are reported. To emphasize the fuzzy
controller system, the inputs are first served
for errors, which are noise that competes with
the signals to lower the quality of service.
Then a controller acts on the inputs that
transform the variables. The variables are
then fed into the maintenance system. The
fuzzy system brings out an output with which
the response to the signal is determined.
Finally, the sensor or translator acts on the
information from the responses while the
output is sent to the genetic algorithm.

In this article, several parameters have been
considered during the model development.
However, some additional parameters that
might affect idle time need consideration.
Material  availability for maintenance
(docking) is a key parameter. It is found that
prices of maintenance spares influence the
cost of shipping vessel service. Due to surges
in the prices of spares and the inability of the
vessel company to obtain foreign exchange
for purchase, the spares may not be ready as
the repair time will be delayed. A second
parameter is the vessel life. For example, the
old vessel may need extra time for the repair
process. This is because as the major repair is
done, there could be some minor repairs,
which will be done to avoid the vessel being
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sent back for maintenance soon after being
released for operations. From the above,
material availability and vessel life are
important parameters that might affect the
idle time of vessels. Notwithstanding, for the
simplicity of the model and avoiding the
difficulty of sourcing data it is downplayed in
the modelling efforts. However, future
studies need to consider these parameters for
more robust model development.

M(X)ac A

3. Fuzzy components and membership
functions

The most subjective of all the parameters
(constraints) listed above is the availability of
maintenance crews. Their availability may
be influenced by many factors. Thus, if the
total number of crews available ranges from
(n—a) to (n +b) where n, aand b are integers,
then the membership function for the fuzzy
set of available crews pac can be defined as
follows (Fig. 2).

(n-a)c

[
»

(n+b)c X

Fig. 2. Membership functions for the total number of crew available in the range

“mpV(X) A

1

Fig. 3. Membership function for the manpower violation

Uac can be defined analytically as:

0, O<x<)n-a)c
x-(n-a)c
— (n-a)c<x<nc
Hao = (11)
(M+b)C-X necc<n+b)e
bc
0, X >(n+b)c

In some cases, it may be desirable for the
maintenance firm to employ less than the
required number of crews if the cost savings
from such practice is high compared to the
idle time resulting from such practices. For
that case, the manpower violation, oumgy Can
be defined

85! A, = O X RMC_ -> AM, (12)

pelmyeTm teT
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or using (9):
oy = 2, D RMC_ -nc (13)

pelmyeTm

The graphical representation of the
membership function for the manpower
violation oumpy, tmpyv iS Shown in Figure 3.

4. CASE STUDY

To verify the application of the model, data
relating to the fishing organization
considered is used. Software called GOAL
2.0 for genetic algorithm programming,

obtained from the Internet was used to run the
program that generated results. The genetic
algorithm used here has eight parameters of
concern, namely: A population of 30 units, A
generation is 100, The reproduction type is 2
point crossover, The selection type is
tournament selection, Elitism is 1, The
mutation  probability is 0.005, The
reproduction probability is 0.85, and The
simulation was run 10 times. A typical
example of the evolution data set is shown in
Table 2. This is the result for the first run
while summaries of the results for all runs are
shown in Table 1.

Table 1. The optimal solution for all runs

Run DL dm di dov Objective Function
1 23.1305 2.9961 2.9955 11.9977 -5.1413
2 23.1369 2.9973 2.9953 11.9938 -5.1505
3 23.0256 2.9634 2.9931 11.9836 -5.0856
4 23.0008 2.9955 2.9959 11.9845 -5.0250
5 23.1305 2.9961 2.9955 11.9977 -5.1416
6 23.0006 2.9437 2.9909 11.9841 -5.0767
7 23.1371 2.9945 2.8370 11.9882 -5.3174
8 23.0337 2.8388 2.9944 11.9998 -5.2007
9 23.1344 2.9434 2.9977 11.9970 -5.1963
10 23.0012 2.8355 2.9436 11.9845 -5.2375
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Table 2. The results generated for the genetic algorithm analysis

Generation 'glc?liu\t/iilrllcsj Mean DevSitadtion Mutations Reproductions gg;:)?;pn; Optimum genotype Optimum
0 30 -7.905 0.8472666 23 11 1E+128 23.0778512; 2.71804; 2.9683584; 11.5860704; 5.8053824
1 20  -5.0571 1.7438427 11 13 1E+128 23.0712976; 2.71804; -2.9683642; 11.5860704; 5.798823
2 20 -4.8055 1.657084 16 14 1E+128 23.0712976; 2.71804; 2.9683642; 11.5860704; 5.798823
3 22  -5.2588 1.4507053 23 14 1E+128 23.0712976; 2.71804; 2.9683642; 11.5860704; 5.798823
4 19  -4.1438 1.5718023 24 13 1E+126 23.9700032; 2.7991622; 2.03551599298982E-39; 11.1483704; 5.7802202
5 21  -4.3925 1.3631943 15 13 1E+126 23.1353408; 2.605527; 2.9691912; 10.7996384; 5.7764234
6 23 -4.7921 1.1567239 23 14 1.01E+128 1539655.7029376; 2.3562054; 2.954871; 11.5860592; 5.745568
7 20  -4.1122 1.4179917 25 15 1E+125 23.3450624; 2.5514606; 2.9683642; 11.5860704; 5.5719898
8 18 -3.7256 1.5416092 18 12 1E+128 23.1368336; 2.7628102; 2.9692944; 11.8327392; 5.5719898
9 15  -3.1224 1.6150438 21 15 1E+128 23.1368336; 2.7628102; 2.9692944; 11.8327392; 5.5719898
10 16  -3.5706 1.7237203 17 13 1.1E+128 23.1364656; 2.553095; 2.796463; 11.8303544; 5.5719898
11 12 -2.5108 1.5584245 15 13 1E+128 23.1368336; 2.3759686; 1.892595; 11.590584; 5.5719898
12 13 -2.6894 1.5765544 16 13 1E+128 23.1368336; 2.7628102; 2.9692944; 11.8327392; 5.5719898
90 12 -2.5014 1.5525726 15 11 1E+128 23.0029968; 2.8381972; 2.9940752; 11.9439952; 5.2267292
91 13 -2.7623 1.6192606 26 14 1E+128 23.0029968; 2.8381974; 2.9940752; 11.9407184; 5.2267292
92 11 -2.2122 1.4493749 27 14 1E+128 23.0029968; 2.8381972; 2.9940752; 11.9439952; 5.2267292
93 14  -2.8198 1.5557722 21 14 1E+128 23.0029968; 2.8381972; 2.9940752; 11.9407184; 5.2267196
94 20  -3.9465 1.3608712 11 13 1E+128 23.4769296; 2.4712012; 2.3754924; 11.9637472,; 5.2267192
95 23 -4.415 1.0656807 20 12 1.11E+125 23.0050688; 2.832214; 2.9865284; 11.9637472; 5.2225792
96 20  -3.7377 1.2888568 20 13 1.11E+125 23.0050688; 2.832214; 2.9865284; 11.9637472; 5.2225792
97 18  -3.2611 1.3494288 20 11 1.11E+125 23.0050688; 2.8381972; 2.9867024; 11.9703008; 5.2098684
98 16 -2.854 1.3777807 14 13 1.11E+125 23.0050688; 2.8381972; 2.9867024; 11.9703008; 5.2098684
99 16 -2.7897 1.3467657 23 14 1.11E+125 23.0026112; 2.832214; 51.4295872; 11.9637472,; 5.2098684

100 22  -4.2698 1.1778633 15 12 1.11E+125 23.0054784; 2.8320532; 2.9869392; 11.963748; 5.2090488

248



IJIEM (Indonesian Journal of Industrial Engineering & Management) Vol 4 No 3 October 2023, 240-251

5. CONCLUSIONS

The concluding part examines the study's
learnings as well as the limitations of the study.
The optimization of the idle time of vessels
from a linguistic perspective adds to our
understanding of the particular need to attain
precision in optimization using the genetic
algorithm method via fuzzy integration. It is
extremely useful since marine companies are
experiencing the unprecedented challenge of
dwindling economic fortunes. Instead of
making fishing vessel decisions based on the
crisp numeric values obtained from the genetic
algorithm alone, the present study scrutinizes it
from the perspective of linguistic variables. The
parameters established based on the previous
literature and mathematically analyzed add to
the emerging picture of idle time management
of the vessel controllers. Overall, this paper
adds to the understanding of idle time
minimization as a phenomenon from the
perspective of fishing vessel companies with a
strong will to reduce waste and losses in the
marine industry. However, this study has
limitations. Its attention is on fishing vessels
and the dynamics of rescheduling vessel trips
for profit enhancement or in the absence of
goods and/or passengers to transport was not
considered in the present study. This could be
an interesting future research interest. Besides,
the effect of government policies on the
economics of fishing vessel maintenance
services was ignored in this study and could be
a worthwhile investment in future research
efforts. Moreover, another optimization method
could be hybridized with the fuzzy genetic
method such as the Aquila algorithm. This may
bring a new perspective to analyzing idle times
of fishing vessels.

REFERENCES

Aasmoe L. (2019). Musculoskeletal
symptoms among workers in the
commercial fishing fleet of Norway,
International Maritime Health, 70(2),
100-106.

Alkhamis, T.M., Yellen, J. (1995). Refinery
units maintenance scheduling using
integer programming, Applied
Mathematical Programming, 19, 543-549.
https://doi.org/10.1016/0307-
904X(95)00032-F

Anily, S., Glass, C.A. and Hassin, R. (1998).
The scheduling of maintenance service,
Discrete Applied Mathematics, 82 (1-3),
27-42. https://doi.org/10.1016/S0166-
218X(97)00119-4

Anily, S., Glass, C.A. and Hassin, R. (1999).
Scheduling of maintenance services to
three machines, Annals of Operations

Research, 86, 375-391.
https://doi.org/10.1023/A:101897122218
5

Aprilliani .M., Dewanti L.P., Khan A.M.A,
Herawati H., Rizal A. and Kusnadi
N.M.  (2020). Fishing  vessel
characteristics with multipurpose gear
to support fishing operations in the
Northern Sea of Java, Indonesia (case
study in Indramayu), Asian Journal of
Fisheries and Aquatic Research, 6(1),
1-8.
https://doi.org/10.9734/ajfar/2020/v6i/
30085

Bertheussen B.A., Vassdal T. (2021).
Institution-based roots to fishing
vessels profitability, Marine Policy,
123, Article 104286.
https://doi.org/10.1016/j.marpol.2020.
104286

Burella G., Moro L., Colbourine B. (2019).
A novel methodology to develop risk-
based maintenance strategies for
fishing vessels, Ocean Engineering,
253, Article 111281.
https://doi.org/10.1016/j.0oceanerg.202
0.111281

Charles-Owaba, O.E. (2002). Gantt charting
multiple machines' preventive
maintenance activities, Nigerian Journal
of Engineering Research and
Development, 1(1), 60-67.

Chanas, S. and Kasperski, A. (2001).
Minimizing maximum lateness in a single
machine scheduling problem with fuzzy
processing times and fuzzy due dates,
Engineering Applications of Artificial
Intelligence, 14, 377-386.
https://doi.org/10.1016/S0952-
1976(01)00011-2

249



IJIEM (Indonesian Journal of Industrial Engineering & Management) Vol 4 No 3 October 2023, 240-251

Duffuaa, S.O. and Ben-Daya, M. (1994). An
extended model for the joint overhaul
scheduling  problems,  International
Journal of Operations Management,
14(7), 37-43.
https://doi.org/10.1108/01443579410062
158

Abdulwhab A., Billinton R., Eldamaty A.A. and
Faried S.O. (2004). Maintenance
scheduling optimization using a genetic
algorithm (GA) with a probabilistic fitness
function, Electric Power Components and

Systems, 32(12), 1239-1254.
https://doi.org/10.1080/15325000490446
601

El-Sharkh, M.Y., El-Kerb, A.A. (2003). An
evolutionary programming-based solution
methodology for power generation and
transmission maintenance scheduling,
Electric Power Systems Research, 65(1),
35-40. https://doi.org/10.1016/S0378-
7796(02)00215-8

El-Sharkh, M.Y., El-Keib, A.A., Chen H.
(2003). A fuzzy evolutionary
programming-based solution
methodology for security-constrained
generation  maintenance  scheduling,
Electrical Power Systems Research, 67,
67-72. https://doi.org/10.1016/S0378-
7796(03)00076-2

Fayad, C., Petrovic, S. (2005). A genetic
algorithm for the real-world fuzzy job-
shop scheduling, accepted for publication
in The International Conference on
Industrial and Engineering Applications
of Artificial Intelligence and Expert
Systems IEA/AIE-2005, Lecture Notes in
Computer Science, Springer-Verlag.

Foretemps, P. (1997). Jobshop scheduling with
imprecise durations: A fuzzy approach,
IEEE Transactions on Fuzzy Systems, 54,
557-5609.
https://doi.org/10.1109/91.649907

Itoh, T. and Ishii, H. (1999). Fuzzy due-date
scheduling problem with fuzzy processing
time, International Transactions in
Operations Research, 6, 639-647.
https://doi.org/10.1016/S0969-
6016(99)00014-3

Li, J. and Kwan, R.S.K. (2001). A fuzzy theory
based evolutionary approach for driver
scheduling in Proceedings of the Genetic
and Evolutionary Computation

Oke

Oke

Oke

Oke

Oke

Conference (GECCO02001), 1152-1158,
San Francisco, USA, Morgan Kaufman.

S.A., Charles-Owaba O.E. (2005a). A
sensitivity analysis of an optimal Gantt
charting maintenance scheduling model,
International Journal of Quality and
Reliability Management, 23(2), 197-229.
https://doi.org/10.1108/02656710610640
952

S.A., Charles-Owaba O.E. (2005b).
Application of fuzzy logic control model
to Gantt charting preventive maintenance
scheduling, International Journal of
Quality and Reliability Management,
23(4), 441-459.
https://doi.org/10.1108/02656710610657
620

S.A., Charles-Owaba O.E. (2005c). An
inflation-based maintenance scheduling
model, South African Journal of Industrial
Engineering, 16(2), 123-142.
https://doi.org/10.10520/EJC46100

S.A. (2004a). A re-examination of the
optimal Gantt charting model for
maintenance scheduling, Proceedings of
MIMAR 2004, the 5" IMA International
Conference, 5-7 April 2004, Salford,
United Kingdom, 219-224, ISBN
0905091159.

S. A. (2004). Maintenance scheduling:
Description, status, and future directions,
South African Journal of Industrial
Engineering, 15(1), 101-117.
https://doi.org/10.7166/15-1-241

Petrovic, S. and Fayad, C. (2004). A fuzzy

shifting bottleneck hybridized with
genetic algorithm for real-world job shop
scheduling, 15" Mini-EURO Conference
Managing Uncertainty in Decision
Support  Models, MUDSM 2004,
Coimbra, Portugal, September, 22-24.

Petrovic, S, Geiger, M.M. (2004). A fuzzy

scheduling problem with dynamic job
priorities and an extension to multiple
criteria, in decision support in an uncertain
and complex world: Proceedings of the
2004 IFIP International Conference on
Decision Support Systems (DSS2004),
637-646, Tuscany, Italy, July 1-3, ISBN 0-
7326-2269-7.

Ram, B. and Olumolade, M. (1987). Preventive

maintenance scheduling in the presence of

250



IJIEM (Indonesian Journal of Industrial Engineering & Management) Vol 4 No 3 October 2023, 240-251

a production plan, Production and
Inventory Management, Vol. 8, pp. 81-89.

Sakawa, M. and Kubota, R. (2000). Fuzzy

programming for multiobjective job shop
scheduling with fuzzy processing time and
fuzzy due date through genetic algorithms,
European Journal of Operational
Research, 120(2), 393-407.
https://doi.org/10.1016/S0377-
2217(99)00094-6

Sandsund M., Oren A., Thorvaldsen T.,

Holmen T., Sonvisen S., Heidelberg
C.T., Oren A., Thorvaldsen T.,
Sandsund M., Holmen .M. (2019).
Sickness absence and hospitalization
among workers on board Norwegian
fishing vessels, Journal of
Agromedicine, 24(4), 357-363.
https://doi.org/10/1080/1059924x.201
9.1640150

Vassdal T., Bertheussen B.A. (2020).

Methodological issues in estimating
the profit of the core business unit of a
fishing vessel firm, MethodX, 7,
Article 100900,
https://doi.org/10.1016/jimex.2020/10
0990

Walker, L., Bryan, U. and Turner, K. (2001).

Scheduling preventive maintenance of
transmission circuits, 4" IMA Conference
on Modelling in Industrial Maintenance
and Reliability Decision Support in the
New Millennium, April, UK.

Williams, H. (1985). Model building in

mathematical programming, 2" edition,
John Wiley, New York.

251



