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Fuzzy DEMATEL Approach
to Assess Factors Leading to
Navigational Equipment Defect

Umut Tag

The increasing attention to the improvement and
continuous enhancement of navigational safety has led to a
high standard of navigation systems and the introduction of new
technologies. Although several conventions, recommendations,
guidelines, and performance standards for navigational
equipment are set out by the International Maritime Organization
(IMO), unexpected defects on this equipment may still occur on
board. Any defect on this equipment may cause both accidents
and commercial loss. This paper presented A fuzzy Decision-
Making Trial and Evaluation Laboratory (DEMATEL) technique
to assess factors that may cause navigational equipment
defects, considering the academic and industrial gaps. Five
homogeneous experts were asked to evaluate the relationship
among the factors with respect to the linguistic scale. After the
factors were ascertained and evaluated, preventive measures
for most important factors were recommended in the view of
experts’ opinions in order to minimize and avoid their effect.
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The findings of the study will contribute to understanding the
causes of navigational equipment defects and provide a basis for
the continuous safety process of the ship’s bridge operationsin a
comprehensive aspect.

1. INTRODUCTION

Maritime transportation plays a vital role in the world
economy and global trade. Over the last decade, the maritime
industry has implemented several measures aiming to improve
its safety level (Chauvin et al,, 2013). Despite the automation in
marine technology and the implementation of safety-related
regulations, marine accidents are still the main concern for
global maritime transportation (Xi et al., 2009). The International
Maritime Organization (IMO) has focused on preventing vessel
accidents by providing the minimum safety standards for ships
and crews on board (Hong, 2015). According to the analysis
of ship accidents obtained from the IMO, there are three main
reasons that have caused accidents: equipment failure on ship
itself, external environment (weather, oceanic condition, etc.) and
human factor (Han et al., 2009). Although most of the accidents
are caused by human factor (Baker et al., 2002; Erol and Basar,
2015; Luo et al,, 2017), a considerable number of them occur due
to technical or machinery problems (Han et al., 2009) such as
engine breakdowns and equipment failure.

Due to a structural change in the industry and as a
consequence of the introduction of new technologies, the design
and operation of ships has evolved and continues to develop
(Pomeroy and Jones, 2002). High standards of navigation are
fundamental for the safety of vessels, crews, cargoes and for
the protection of the environment (OCIMF, 2018). The ship
navigation system is comprised of ship, navigation environment,
and navigation technology (Han et al., 2009). The ship command
is undoubtedly a complex, tough, challenging, and safety-critical
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task. Various interactive technologies and systems are used to
assist the ship command that need to be designed with usability
in mind in order to allow ease of use and not pose additional
burdens to marine officers (Papachristos et al., 2012).
Commercial vessels are equipped with navigational
equipment and tools such as gyro and magnetic compasses,
ECDIS, automatic identification system (AIS), voyage data
recorder (VDR), radars, speed and distance log devices, echo
sounder, GPS receivers, etc. A considerable amount of literature
has been published on navigational equipment, which may help
to better understand its importance. AIS provides static and
dynamic information of the vessels, such as the vessel’s ID, name,
width, length, type, and real manoeuvring behaviour of a vessel,
such as longitude, latitude, heading, course, speed, draft, etc. It
also transfers the sailing status information between vessels, and
from vessels to shore or vice versa (Wu et al.,, 2020). Therefore,
AlS data are an important source of information that facilitates
decision-making in collision avoidance (Tsou, 2016). AIS data
have been used in ship collision analysis, ship’s behaviour
detection, ship traffic characteristics, and ship emissions (Yan et
al., 2020). The information availability from radar and Automatic
Radar Plotting Aid (ARPA) forms the basis of several techniques
that may assist in the safe navigation of vessels (Bole et al.,
2013). Radar is the most important sensor for navigation or port
management since it is capable of detecting vessels, waterfronts,
and rocks actively (Ma et al., 2016). ARPA Radar system estimates
variables such as the Closest Point of Approach (CPA) and Time
to the Closest Point of Approach (TCPA) and includes software
necessary to carry out a trial manoeuvre for a single target or
group of targets (Ozoga and Montewka, 2018). ARPA Radar
is widely used in the estimation of target optimization and
collision risk (Ma et al., 2015; Chaturvedi, 2019; Stateczny, 2001;
Xiaorui and Changchuan, 2011). The electronic chart display
and information system (ECDIS) is another revolutionary new
technology for modern navigation after ARPA and GPS (Tsou,
2016). ECDIS is a safety-relevant and software-based system
with multiple options for display and integration, which is used
to meet chart carriage requirements (Rutkowski, 2018). Much of
the current literature on ECDIS pays particular attention to route
planning, collision avoidance (Porathe et al., 2013; Tsou, 2016;
Kockritz et al., 2016), performance analysis and development of
ECDIS (Kastrisios and Pilikou, 2017; Zugkin et al., 2017; Wan et al.,
2005), and training research (Legie¢, 2016; Br¢i¢ et al., 2019). Gyro
compass has become an indispensable instrument in almost all
merchant ships or naval vessels due to its ability to detect the
direction of true North. A great deal of previous research into gyro
compass has focused on the ship’s movement analysis (Pinheiro
etal., 2016), heading estimation (Gade, 2016) and compass errors
and calibration (Ackerman, 1965). Overall, these studies indicate
the importance of navigational equipment. Although we have
mentioned only certain items of navigational equipment in our
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literature review, the importance of others is also very obvious.

Any breakdown or defect of this equipment and tools may
cause undesirable marine accidents, which can result in fatalities,
injuries, cargo loss, pollution, etc. In addition, they may lead to
commercial loss because of high repair costs or replacement of
equipment, off-hire time due to restriction to port and channel
entry, etc.

In this study, considering the importance of navigational
equipment, common causes of equipment defects are
discussed in detail. In this context, this paper aims to present
a methodological approach to assess factors that may cause
navigational equipment defects. To achieve this aim, the
Fuzzy DEMATEL technique is used to identify and quantify the
influence factors of navigation equipment defects. While some
research has been carried out on both navigation equipment
and the Fuzzy DEMATEL approach in the literature, there is no
single study that focuses on the equipment defects. Therefore,
this study will narrow the literature gap and also contribute to
the maritime domain. This paper is composed of four themed
chapters. A brief introduction and literature review regarding
navigational equipment are given in this Chapter. Chapter 2
indicates methodologies used in the paper. The application of
the proposed methodology and the results of analysis are shown
in Chapter 3. The final Chapter provides a conclusion and the
contribution of the study.

2. METHODOLOGICAL BACKGROUND

This study integrates the fuzzy sets and DEMATEL technique
to assess factors that may cause navigational equipment defects.
The fuzzy-DEMATEL model integrates the fuzzy linguistic aspect
of the fuzzy theory with DEMATEL method (Wu and Lee, 2007).
Applying DEMATEL in a fuzzy context allows examining the
causal relationships of fuzzy variables and specifying the level of
interactive influence among variables (Tsai et al., 2015).

Most research on Fuzzy Dematel has been carried out in
the area of management and supply chain (Jassbi et al.,, 2011;
Govindan et al, 2015; Acuia-Carvajal et al, 2019; Jeng, 2015;
Tooranloo et al, 2017; Mirmousa and Dehnavi, 2016; Keskin,
2015). Also, numerous studies on Fuzzy Dematel have been
carried out in different transportation systems such as land
transportation (Baykasoglu et al., 2013; Galehdar et al, 2018),
aviation (Haghighat, 2017), maritime transportation (Mentes
et al, 2015; Akyuz and Celik, 2015; Tac et al, 2020). Energy,
construction, education, and tourism are the other industries in
which Fuzzy Dematel studies were carried out (Muhammad and
Cavus, 2017; Ocampo et al., 2018; Mangla et al., 2018; Mavi and
Standing, 2018). Researchers mostly attempted to access critical
factors and to evaluate relationships among the factors.

Methodologies of each method and integration of them
are expressed in detail in the following section.
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2.1. Fuzzy Sets

Various problems in system identification involve
characteristics that are fundamentally non-probabilistic in nature
(Zadeh, 1965). In response to this situation, Zadeh introduced the
fuzzy set theory in 1965 as an alternative to probability theory
(Hohle, 1996). The fuzzy set theory deals with linguistic variable
problems in the real world (Gharakhani, 2012). Since its inception
in 1965, the theory of fuzzy sets has advanced in a variety of
ways and in many disciplines (Zimmermann, 2010). In fuzzy logic,
fuzzy numbers are obtained by converting experts’ linguistic
statements. Triangular fuzzy numbers are shown as a triplet
A =(l,m,u) where |, m, and u points out lower, medium, and upper
numbers of the fuzzy sets x<y<z). The membership function of
a triangular fuzzy number can be illustrated as follows (Zadeh,
1965):

0, x<I
_ (X'I)/(m'l), I<x<m 1)
My =
(u-x)/(u-m), m<x<u
0 X=u

Figure 1 illustrates triangular fuzzy numbers, while Table
1 shows the relationship between the linguistic terms and
triangular fuzzy numbers; Figure 2 demonstrates fuzzy rating and
the function of membership in turn.

Table 1.

>
SN~

Figure 1.
Triangular fuzzy number.

1%)
. No VL LH VH
‘ ‘ > X
0 0.250 5 0.751
Figure 2.

Fuzzy rating and their membership function.

Relationship among linguistic terms and triangular fuzzy numbers.

Linguistic terms

Triangular fuzzy numbers

No influence (No) (0,0,0.25)
Very low influence (VL) (0,0.25,0.5)
Low influence (L) (0.25,0.5,0.75)
High influence (H) (0.5,0.75, 1)
Very high influence (VH) (0.75,1,1)

2.2. DEMATEL Technique

Gabus and Fontela (1972) define the DEMATEL method as
one of the useful multi-criteria decision-making model generally
used to negotiate complex and comprehensive decision-making
problems. By visualization, the method aims to find out the
cause and effect relationship among the criteria in terms of
graph theory that permits analyzing and explaining the problem

(Lin and Tzeng, 2009; Lin, 2013). The main steps of DEMATEL are
defined as follows (Celik and Akyuz, 2015):

Step 1: Define critical and effective factors of the problem
by expert opinion, literature review, or brainstorming. Identify
the evaluation criteria and lay out the fuzzy linguistic scale for
experts’ pairwise evaluation. Establish the direct relation matrix
when real values are obtained by converting experts’ linguistic
assessments.
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A= [aij], where A is a nxn non-negative matrix, a, states the
direct impact of factor i on factor j; and when i = j, the diagonal
elementsa =0.

Step 2: Figure out a normalized direct relation matrix
D= [dij], by using the equations below:

1
S=—— ij=1,2,...,n. @)
1<isn Zj:z aij
D=sA 3)

Step 3: Acquire a total-relation matrix (T) by use of Equation
(4). | represents nxn identity matrix.

T=D(I-D)’ 4)

Step 4: Calculate the sum of the rows and columns of matrix
T.rand ¢ are determined through the following Equations 5 and
6 respectively. While r, states all the direct and indirect influence
given by the criterion i to all the other factors (Eq. 5), G provides
the degree of the influenced impact (Eq. 6).

Step 5: Finally, figure the cause and effect relationship
diagram with reference to the r,+ G andr,- <

2.3. Fuzzy DEMATEL

Integration of fuzzy sets and DEMATEL method are
expressed step by step (Akyuz and Celik, 2015; Tsai et al., 2015).

Step 1 - Consult the experts whose judgments are reliable
due to their knowledge, skill, and experience.

Step 2 - Determine factors and construct fuzzy scale:
critical factors are specified to carry out evaluation. Afterwards,
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linguistic variable is used in accordance with the five fuzzy scales
(no influence, very low influence, low influence, high influence,
and very high influence), and the corresponding triangular fuzzy
members are determined.

Step 3 - Obtain evaluation of the group decision-makers:
the pairwise comparison is built by using linguistic variables.
Then, fuzzy assessments are transformed into defuzzified and
aggregated as a crisp value. Eventually, initial direct-relation
fuzzy matrix E is established by using the following equations
respectively.

"
E= [ : : J (7)
E 0

&=(l.,m,u,) ®)

Step 4 - Construct a normalized direct-relation fuzzy matrix:
this matrix is built by using the following equations where 3, and
y stand for triangular fuzzy numbers.

y=max (L u,) (10)
-

Then, linear scale transformation is implemented to convert
the factors into comparable scales. The normalized direct-relation
fuzzy matrix F of experts is calculated as follows:

F., F,
F:[s : ] amn
F. F
e e e
wheref =2 =(-2, 2, )
Y Y Y VY
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o JHs(2) zdz
S

Step 5 - Calculate total-relation fuzzy matrix: this matrix is

calculated on the basis of lim F*= 0. The crisp case of the total-
w->o0

relation fuzzy matrix is explained in detail as follows:

T=Ilim(F+F+..+F) (12)
W0
t, t
T:[ : : ] (13)
t t

TR IR
where t,= ( Iij »muy )

Matrix[lij_"]:F,x(l—F,)" (14)
Matrix[mij"]szx(l-Fm)" (15)
Mcn‘rix[ul.j"]:Fux(l—Fu)’7 (16)

Step 6 - Analyze the structural model: figure outr, + G andr,
-C after calculating matrix T. Since r, + ¢ presents the importance
of factori, r- ¢ states the net effect of factor i.

Step 7 - Defuzzify r+ G and r- o defuzzify r+ ¢+ and r-
G by accepting the COA (center of area) defuzzification method
proposed by Ross (1995). For a convex fuzzy number §, a real
number z* corresponding to its center of area can be estimated
with the following Equation 17 (Akyuz and Celik, 2015).

Sy, @ dz

The BNP value of afuzzy number G=(1,,m,, u,) is evaluated
by means of the following Equation 18.

BNP =L 0 T T 4y (18)
3

Step 8- Build up cause-effect relation diagram: in the
last step, the cause and effect relation diagram is depicted by
mapping the dataset of r, + G andr, - cJ..The calculation can be
done according to Step 6.

3. APPLICATION

In this section, the Fuzzy DEMATEL technique is used
to identify and quantify the influence factors of navigation
equipment defect.

3.1. Problem Statement

Since 1959, the International Maritime Organization (IMO)
has been set to improve navigational safety by introducing
conventions, recommendations and other instruments including
both guidelines on navigational issues and performance
standards for navigational and communication equipment
(IMO, 2020). As per SOLAS Chapter V, navigational systems and
equipment must meet the IMO standards and must be approved
by the administration to be installed on the bridge, and all these
aids must be checked from time to time for their performance
and accuracy (SOLAS, 2018). Although all periodic checks on
navigational equipment should be conducted and Officers
should be familiar with the vessel’s equipment and testing
requirements, unexpected defects on navigational equipment
may still occur on board.

In this study, factors that may cause defects on navigational
equipment are analyzed. Then, a detailed survey was carried out
with 5 homogeneous experts who work in reputable marine
electronics and communication companies that provide services
for navigation equipment defects. They all work as service
engineers, all have more than 5 years of experience and have
performed several navigation equipment defect services. The
survey was sent to the experts via e-mail in MS Word format. A
detailed explanation of the survey, such as the aim, where the
results will be used, how to do pair-wise comparison, etc., was
given in the cover letter. The expert judgments’ arithmetic means
were obtained. Table 2 shows common causes of navigational
equipment defect.
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Table 2.

Common factors of navigational equipment defect.

Code Factor
F1 Wear and Tear (i.e., loss of electrical properties of electronic components based on time, freezing of electrical
equipment units such as capacitors based on time)
F2 Leakage of electricity
F3 Insufficient grounding
F4 Exposure to dust and fouling
F5 Overheating and airless equipment
F6 Vibrations of vessel
F7 Severe weather conditions (i.e., thunderbolt)
F8 Use of poor-quality spare parts
Fo Use of USB flash drives, cables and other external sources which may carry viruses
F10 Technician’s error and negligence (i.e., bad installation)
F11 Not carrying out equipment service on time
F12 Breakdowns in operating procedures
F13 Unfamiliarity of officers with equipment
F14 Not tracking and rectifying failure alarms on time
3.2. Analysis of Respondents - Empirical Analysis may cause defect on navigational equipment with respect to the

linguistic scale presented in Table 1. Then, the arithmetic means

A comprehensive survey was performed with five experts.  of their judgements were obtained. Accordingly, Table 3 shows
The experts evaluated the relationship among the factors that  linguistic assessments of the five experts.

Table 3.

Linguistic assessments of marine experts.

F1 F2 F3 F13 F14
F1 NO, NO, NO, NO,NO  VH, VH, VH, VH, VH VH,VL,VH,VH,H  ...... VH,VL,VH, L, H VH, NO, VH, VH, H
F2 VH, H,VH, H, VH NO,NO,NO,NO,NO  VH,VL,VH,L,NO ... H, VL, H,NO, L H,NO, H,VH, H
F3 VH,H,VH, H, H VH, VL, VH, H, VH NO, NO, NO,NO,NO ...... VL, VL, VL, NO, NO VL, NO, VL, VL, NO
F4 VH,VH,VH, H,H H VL HLL VL, VL, VL,VL,LNO ... VL, L, VL, NO, NO NO, NO, NO, NO, NO
F5 L, VH, L HH NO, L, NO, L, VH H,VL,H,VL,LNO ... H, NO, H, NO, NO H, NO, H, NO, NO
F6 NO, H, NO, VL, NO H, L, H, VL, NO VL, VL, VL,VL,LNO ... NO, NO, NO, NO, NO  NO, NO, NO, NO, NO
F7 H,H, H, L, NO H, L H VL H HLHLNO ... NO, NO,NO,VL,NO  NO,NO,NO, L, NO
F8 VH, VH, VH, VH, VH VH, H, VH, H, VH H,H,HVH,NO ... NO, VL, NO,NO,NO  NO, VL, NO, NO, NO
Fo NO, VL, NO, H, L NO, VL, NO, VL, NO NO,NO,NO,NO, L ...... VH, VL, VH, L, NO VH, NO, VH, VH, NO
F10 H,VH, H,VH, NO L, VH, L, VH, VH VH,VH,VH,VH,NO  ...... NO, VL, NO, VL, NO NO, H, NO, NO, NO
F11 H, H, H, VH, VH VL, L, VL, VH, H VL,VL,VL,VH,NO  ...... NO, VL, NO,NO,NO  NO, VL, NG, VL, NO
F12 H, VL, H, VL, NO VL, NO, VL, VL, H VL,NO,VL,NO,L  ...... VH, VL, VH, VH, VH VH, H, VH, VH, VH
F13 NO, L, NGO, H, NO H, VL, H, H, NO VL,VL,VLLH,NO ... NO, NO, NO, NO, NO  VH, VH, VH, VH, NO
F14 VH,H,VH, L, L H, VL, H,NO, H VL,VL,VL,NO,NO  ...... VH, L, VH, L, NO NO, NO, NO, NO, NO
Trans. marit. sci. 2022; 01: 16-27 TRANSACTIONS ON MARITIME science TOYMS
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figured out by means of Equations 13-15. Thirdly, a total-relation
fuzzy matrix was calculated by means of Equations 16-20
provided in Table 6.

Firstly, an initial direct-relation fuzzy matrix, figured in
Table 4, was constructed as per the experts’ evaluation. Secondly,
a normalized direct-relation fuzzy matrix shown in Table 5 was

22

Table 4.
Initial direct-relation fuzzy matrix.
F1 F2 F3 F13 F14
F1 (0,0,0.25) (0.75,1,1) (0.55,0.8,0.9) (0.45,0.7,0.85) (0.55,0.75, 0.85)
F2 (0.65,09, 1) (0,0,0,25) (0.35,0.55,0.7) (0.25,0.45,0.7) (0.45, 0.65, 0.85)
F3 (0.6,0.85,1) (0,55 0,8,0.9) (0,0,0,25) (0,0.15,0.4) (0,0.15,0.4)
F13 (0.15,0.25,0.5) (0.3,0.5,0.75) (0.1,0.3,0.55) (0,0,0.25) (0.6, 0.8, 0.85)
F14 (0.5,0.75,0.9) (0.3,0.5,0.75) (0,0.15,0.4) (0.4,0.6,0.75) (0,0,0.25)
Table 5.
Normalized direct-relation fuzzy matrix.
F1 F2 F3 F13 F14
F1 (0,0,0.02) (0.07,0.09,0.09) (0.05,0.07,0.08) (0.04,0.06,0.08) (0.05,0.07,0.08)
F2 (0.06, 0.08,0.09) (0,0,0.02) (0.03, 0.05, 0.06) (0.02,0.04,0.06) (0.04,0.06, 0.08)
F3 (0.06,0.08,0.09) (0.05,0.07,0.08) (0,0,0.02) (0,0.01,0.04) (0,0.01,0.04)
F13 (0.01,0.02,0.05) (0.03,0.05,0.07) (0.01,0.03,0.05) (0,0,0.02) (0.06, 0.07, 0.08)
F14 (0.05,0.07,0.08) (0.03,0.05,0.07) (0,0.01,0.04) (0.04, 0.06,0.07) (0,0,0.02)
Table 6.
Total-relation fuzzy matrix.
F1 F2 F3 F13 F14
F1 (0.03,0.08,0.27) (0.09,0.15,0.32) (0.06,0.12,0.27) (0.05,0.10,0.24)  (0.06,0.11, 0.25)
F2 (0.07,0.13,0.29) (0.02,0.05,0.21) (0.04,0.08,0.22) (0.03,0.07,0.20)  (0.05,0.09, 0.22)
F3 (0.07,0.12,0.28) (0.06,0.11,0.26) (0.01,0.04,0.17) (0.01,0.04,0.17)  (0.01,0.04,0.17)
F13 (0.03,0.07,0.24) (0.04,0.08,0.25) (0.01,0.05,0.20) (0.01,0.03,0.16) (0.07,0.11, 0.22)
F14 (0.06,0.11,0.26)  (0.04,0.08,0.23) (0.01,0.04,0.17) (0.05,0.08,0.19) (0.01,0.03,0.15)

The fuzzy values of r, G N+ C.r-g shown in Table 7 were
calculated using total-relation matrix. Afterwards, defuzzification

process was carried out to convert the fuzzy numbers into crisp
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Table 7.

Fuzzy values of r.,c.,r. +C.,r. - C.
[ e | i j

r < n+q n-q
F1 (0.64, 1.26, 3.38) (0.59,1.37,3.57) (1.23, 2.64, 6.96) (-2.93,-0.11, 2.79)
F2 (0.43,0.91, 2.80) (0.68, 1.24,3.34) (1.11,2.14,6.14) (-2.91,-0.33,2.14)
B3 (0.35,0.82,2.62) (0.37,0.89, 2.73) (0.72,1.71,5.35) (-2.38,-0.07, 2.26)
F13 (0.42,0.87,2.71) (0.31,0.73,2.42) (0.73, 1.60, 5.13) (-2.00, 0.14, 2.40)
F14 (0.34,0.73, 2.45) (0.41,0.82,2.52) (0.76, 1.56, 4.97) (-2.18,-0.09, 2.04)
Table 8.
Crisp values of r, T+ Cun - C
r g n+c n-c
F1 1,76 1,85 3,61 -0,08
F2 1,38 1,75 3,13 -0,37
F3 1,26 1,33 2,59 -0,06
F4 1,12 1,22 2,34 -0,09
F5 1,21 1,56 2,77 -0,35
F6 0,90 0,90 1,79 0,00
F7 1,17 0,85 2,02 0,32
F8 1,43 1,09 2,52 0,35
F9 0,81 0,89 1,70 -0,07
F10 1,57 1,20 2,77 0,37
F11 1,20 0,95 2,16 0,25
F12 1,12 1,47 2,59 -0,34
F13 1,33 1,15 2,49 0,18
F14 1,18 1,25 2,43 -0,08

3.3. Findings and Discussion

According to the results presented inr,, G n+q,r- cJ.TabIe 8, the

cause-effect relation diagram is shown in Figure 3.

Factors that cause navigational equipment defects can
be divided into two significant groups: cause and effect factors.

Trans. marit. sci. 2022; 01: 16-27
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L=

Figure 3.
Cause-effect relation diagram.

3.3.1. Cause Factors

To prevent navigational equipment defects, it is very
important to focus on the cause factors. r, - ¢, value helps to
find significant causal factors that may result in navigational
equipment defects. According to Table 8, F10 (Technician error
and negligence) has the highest r - ¢, value of all the factors,
which means that it has an important impact. At the same time,
F10 has quite a high r, value when compared to the other factors.
It shows that F10 has a considerable impact on the other factors.
Having the second highestr - G value, F8 (Use of poor quality
spare parts) is the second most important cause factor. F8 also
has quite a high r, value. Similarly, F7 (Severe weather conditions)
is an important cause factor since it ranks third among all the
factors.

3.3.2. Effect Factors

Effect factors, which are quickly and easily affected by other
factors, can cause a major malfunction considering navigation

FIIE IEI

R+C

equipment working process. According to Table 8, F1 (Wear and
Tear) has the highest r + ¢, value of all the factors. Also, it has
the highest degree of influential impact index (i) and influential
impact index (c;) values. In short, F1 has a possible effect that
leads to navigational equipment failure. Similarly, F2 (Leakage
of electricity) has the second-highest r, + G value. As it can be
seen, thec,andr, values of F2 are quite high compared with other
factors. Another important effect factor that leads to navigational
equipment failures is F5 (Overheating and airless equipment)
since it has the third-highest r + G value.

3.4. Preventive Measures Proposal

According to the study results, F10, F8, F7, F1, F2, and F5
are the most important factors that may lead to navigational
equipment defects. The experts with a wide experience and
knowledge proposed preventive measures against these factors,
which are provided in Table 9.
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Table 9.

Preventive measures.

Factor No Factors Suggested preventive actions

F10 Technician’s error and negligence Contracting only competent and certified technicians by the manufacturer.

F8 Use of poor-quality spare parts Purchasing only genuine spare part by the manufacturer and/or official
distribution by the manufacturer.

F7 Severe weather conditions Installation of equipment /material that is non-corrosive. Checking and
verifying connections after installation. Sufficient isolation/covering of
equipment.

F1 Wear and tear Including manufacturer’s recommended regular inspection/check/
maintenance of the PMS system.

Maintaining minimum spare parts on board recommended by the
manufacturer.

F2 Leakage of electricity Including regular Megger test as recommended by the manufacturer of the
PMS system.

F5 Overheating and airless equipment  Adequate cooling system to be provided by the manufacturer. Vessel is to

maintain ambient temperature as recommended by the manufacturer. Vessel
manager provides guidelines for the ship’s staff regarding precautions during
excessive heat and cold.

4. CONCLUSION

A high-standard navigation system is an essential
requirement for the safety of the ship, human life, protection
of cargo and the environment. Although there are a number
of conventions, recommendations, guidelines and standards
for navigational and communication equipment laid down
by the International Maritime Organization (IMO) in order to
improve navigational safety, unexpected defects on navigational
equipment may still occur on board. To date, several studies have
attempted to explain the importance of navigational equipment;
however, none focused on the equipment defects. This paper
presented the Fuzzy DEMATEL technique to assess factors that
may cause navigational equipment defects, considering the
academic and industrial gap. Application of DEMATEL in a fuzzy
context allowed examining the causal relationships of fuzzy
variables and specifying the level of interactive influence among
the variables. Thus, factors leading to navigational equipment
failures were identified and evaluated in association with visual
cause-effect relation diagram. The main findings of this study
show that Technician error and negligence (F10), Use of poor-
quality spare parts (F8), Severe weather conditions (F7), Wear
and Tear (F1), Leakage of electricity (F2), and Overheating and
airless equipment (F5) are the most remarkable factors that
cause navigational equipment failures since F10, F8, and F7 are
the cause factors, and F1, F2, and F5 are the effect factors. In this
way, factors that may cause navigational equipment defects are
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ascertained. Then, preventive measures are recommended by
the experts’in order to minimize and avoid the effect of factors.
These findings contribute in several ways to understanding
of the causes of navigational equipment defects and provide
the basis for a continuous safety process of the ship’s bridge
operations from a comprehensive aspect. Further research
could also be conducted to determine the cause-effect factors
of other shipboard operation equipment, such as cargo handling
equipment, maneuvering equipment, etc., which would develop
better understanding of the ship’s safety.

ACKNOWLEDGEMENTS

The author wishes to thank the experts for their interest in
the study and technical knowledge support to it.

CONFLICT OF INTEREST

| wish to confirm that there are no potential conflicts of
interest associated with this study.

REFERENCES

Ackerman, J. D., 1965. Testing a Modern Gyro-Magnetic Compass. The Journal of
Navigation, 18(1), 56-64. Available at: https://doi.org/10.1017/s0373463300020075.

Acuna-Carvajal, F. et al., 2019. An integrated method to plan, structure and validate a
business strategy using fuzzy DEMATEL and the balanced scorecard. Expert Systems
with Applications, 122, pp.351-368. Available at: http://dx.doi.org/10.1016/j.
eswa.2019.01.030.

TRANSACTIONS ON MARITIME SCIENCE -Ih Mq

25


https://doi.org/10.1017/s0373463300020075
http://dx.doi.org/10.1016/j.eswa.2019.01.030
http://dx.doi.org/10.1016/j.eswa.2019.01.030

26

Akyuz, E., & Celik, E., 2015. A fuzzy DEMATEL method to evaluate critical operational
hazards during gas freeing process in crude oil tankers. Journal of Loss Prevention
in the Process Industries, 38, 243-253. Available at: https://doi.org/10.1016/j.
jIp.2015.10.006.

Baker, C. C., McSweeney, K. P, & McCafferty, D. B., 2002. April. Human factors and
ergonomics in safe shipping: the ABS approach. In Proceedings of the Maritime
Operations: The Human Element-7th Annual Conference, Washington, DC (pp. 23-
24). Available at: http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.638.14
10&rep=rep1&type=pdf.

Baykasoglu, A. et al., 2013. Integrating fuzzy DEMATEL and fuzzy hierarchical TOPSIS
methods for truck selection. Expert Systems with Applications, 40(3), pp.899-907.
Available at: http://dx.doi.org/10.1016/j.eswa.2012.05.046.

Bole, A. G., Wall, A. D., & Norris, A., 2013. Radar and ARPA Manual: Radar, AIS and
Target Tracking for Marine Radar Users. Butterworth-Heinemann. Available at:
https://doi.org/10.1016/b978-0-08-097752-2.00004-0.

Brei¢, D. et al.,, 2019. ECDIS transitional period completion: analyses, observations
and findings. WMU Journal of Maritime Affairs, 18(2), pp.359-377. Available at:
http://dx.doi.org/10.1007/513437-019-00173-z.

Chaturvedi, S.K., 2019. Study of synthetic aperture radar and automatic identification
system for ship target detection. Journal of Ocean Engineering and Science, 4(2),
173-182. Available at: https://doi.org/10.1016/j.joes.2019.04.002.

Chauvin, C. et al.,, 2013. Human and organisational factors in maritime accidents:
Analysis of collisions at sea using the HFACS. Accident Analysis & Prevention, 59,
pp.26-37. Available at: http://dx.doi.org/10.1016/j.aap.2013.05.006.

Erol, S., & Basar, E., 2015. The analysis of ship accident occurred in Turkish search and
rescue area by using decision tree. Maritime Policy & Management, 42(4), 377-388.
Available at: https://doi.org/10.1080/03088839.2013.870357.

Gabus, A. & Fontela, E., 1972. World Problems, an Invitation to Further Thought
within the Framework of DEMATEL, pp.1-8, Battelle Geneva Research Center,
Geneva, Switzerland.

Gade, K., 2016., The seven ways to find heading. The Journal of Navigation, 69(5),
955-970. Available at: https://doi.org/10.1017/50373463316000096.

Galehdar, E., Saghih, A. M. F,, & Pooya, A., 2018. A Compilation Model for The
Selection of Quality Management System Based on The Benefits of Their Application
in The Automotive Industry by Using Dematel Fuzzy and Analytic Network
Process. International Journal for Quality Research, 12(2). Available at: https://doi.
org/10.18421/1JQR12.02-03.

Gharakhani, D., 2012. The evaluation of supplier selection criteria by fuzzy DEMATEL
method. Journal of Basic and Applied Scientific Research, 2(4), 3215-3224.

Govindan, K., Khodaverdi, R., & Vafadarnikjoo, A., 2015. Intuitionistic fuzzy based
DEMATEL method for developing green practices and performances in a green
supply chain. Expert Systems with Applications, 42(20), 7207-7220. Available at:
https://doi.org/10.1016/j.eswa.2015.04.030.

Haghighat, N., 2017. Evaluating Airline Service Quality Using Fuzzy DEMATEL and
ANP. Strategic Public Management Journal, 3(6), 57-77. Available at: https://doi.
org/10.20944/preprints201711.0031.v1.

Han, X. J. el al, 2009. Study on ships safety control system. Marine Navigation
and Safety of Sea Transportation (pp. 35-38). CRC Press. Available at: https://doi.
org/10.1201/9780203869345-7.

Hohle, U., 1996., On the fundamentals of fuzzy set theory. Journal of mathematical
Analysis and Applications, 201(3), 786-826.

Hong, S. B, 2015., A study on the effects of e-navigation on reducing vessel
accidents. M.Sc. Thesis. World Maritime University.

IMO, 2020., International Maritime Organization, Maritime Safety / Navigation.
Available at: http://www.imo.org/en/OurWork/Safety/Navigation/Pages/Default.
aspx, accessed on: 01.10.2020.

Jassbi, J., Mohamadnejad, F, & Nasrollahzadeh, H. 2011. A Fuzzy DEMATEL
framework for modeling cause and effect relationships of strategy map. Expert
systems with Applications, 38(5), 5967-5973. Available at: https://doi.org/10.1016/j.
eswa.2010.11.026.

Jeng, D. J. F, 2015. Generating a causal model of supply chain collaboration using
the fuzzy DEMATEL technique. Computers & Industrial Engineering, 87, 283-295.
Available at: https://doi.org/10.1016/j.cie.2015.05.007.

Kastrisios, C., & Pilikou, M., 2017. Nautical cartography competences and their
effect to the realisation of a worldwide Electronic Navigational Charts database,
the performance of ECDIS and the fulfilment of IMO chart carriage requirements.
Marine Policy, 75, 29-37. Available at: https://doi.org/10.1016/j.marpol.2016.10.007.

Keskin, G. A., 2015. Using integrated fuzzy DEMATEL and fuzzy C: means algorithm
for supplier evaluation and selection. International Journal of Production Research,
53(12), 3586-3602. Available at: https://doi.org/10.1080/00207543.2014.980461.

Kockritz, O. et al., 2016. From Nautical Path Planning in ECDIS to Their Realisation
Applied for Fully Actuated Ships. IFAC-PapersOnLine, 49(23), pp.115-120. Available
at: http://dx.doi.org/10.1016/j.ifacol.2016.10.330.

Legie¢, W., 2016. Position cross-checking on ECDIS in view of international
regulations requirements and OCIMF recommendations. TransNav: International
Journal on Marine Navigation and Safety of Sea Transportation, 10. Available at:
https://doi.org/10.12716/1001.10.01.12.

Lin, C. L, & Tzeng, G. H., 2009. A value-created system of science (technology) park
by using DEMATEL. Expert systems with applications, 36(6), 9683-9697. Available at:
https://doi.org/10.1016/j.eswa.2008.11.040.

Lin, R. J, 2013. Using fuzzy DEMATEL to evaluate the green supply chain
management practices. Journal of Cleaner Production, 40, 32-39. Available at:
https://doi.org/10.1016/j.jclepro.2011.06.010.

Luo, M., Shin, S.H., &Chang, Y.T., 2017. Duration analysis for recurrent ship accidents.
Maritime Policy & Management, 44(5), 603-622. Available at: https://doi.org/10.108
0/03088839.2017.1319983.

Ma, F. et al, 2016. A novel marine radar targets extraction approach based on
sequential images and Bayesian Network. Ocean Engineering, 120, pp.64-77.
Available at: http://dx.doi.org/10.1016/j.oceaneng.2016.04.030.

Ma, F. et al,, 2015. Classification of Automatic Radar Plotting Aid targets based on
improved Fuzzy C-Means. Transportation Research Part C: Emerging Technologies,
51, pp.180-195. Available at: http://dx.doi.org/10.1016/j.trc.2014.12.001.

Mangla, S.K. et al., 2018. Benchmarking the logistics management implementation
using Delphi and fuzzy DEMATEL. Benchmarking: An International Journal, 25(6),
pp.1795-1828. Available at: http://dx.doi.org/10.1108/bij-01-2017-0006.

Mavi, R. K, & Standing, C., 2018. Critical success factors of sustainable project
management in construction: A fuzzy DEMATEL-ANP approach. Journal of cleaner
production, 194,751-765. Available at: https://doi.org/10.1016/j.jclepro.2018.05.120.

Mentes, A. et al., 2015. A FSA based fuzzy DEMATEL approach for risk assessment of
cargo ships at coasts and open seas of Turkey. Safety Science, 79, pp.1-10. Available
at: http://dx.doi.org/10.1016/j.ssci.2015.05.004.

Umut Tag: Fuzzy DEMATEL Approach to Assess Factors Leading to Navigational Equipment Defect


https://doi.org/10.1016/j.jlp.2015.10.006
https://doi.org/10.1016/j.jlp.2015.10.006
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.638.1410&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.638.1410&rep=rep1&type=pdf
http://dx.doi.org/10.1016/j.eswa.2012.05.046
https://doi.org/10.1016/b978-0-08-097752-2.00004-0
http://dx.doi.org/10.1007/s13437-019-00173-z
https://doi.org/10.1016/j.joes.2019.04.002
http://dx.doi.org/10.1016/j.aap.2013.05.006
https://doi.org/10.1080/03088839.2013.870357
https://doi.org/10.1017/s0373463316000096
https://doi.org/10.18421/IJQR12.02-03
https://doi.org/10.18421/IJQR12.02-03
https://doi.org/10.1016/j.eswa.2015.04.030
https://doi.org/10.20944/preprints201711.0031.v1
https://doi.org/10.20944/preprints201711.0031.v1
https://doi.org/10.1201/9780203869345-7
https://doi.org/10.1201/9780203869345-7
http://www.imo.org/en/OurWork/Safety/Navigation/Pages/Default.aspx
http://www.imo.org/en/OurWork/Safety/Navigation/Pages/Default.aspx
https://doi.org/10.1016/j.eswa.2010.11.026
https://doi.org/10.1016/j.eswa.2010.11.026
https://doi.org/10.1016/j.cie.2015.05.007
https://doi.org/10.1016/j.marpol.2016.10.007
https://doi.org/10.1080/00207543.2014.980461
http://dx.doi.org/10.1016/j.ifacol.2016.10.330
https://doi.org/10.12716/1001.10.01.12
https://doi.org/10.1016/j.eswa.2008.11.040
https://doi.org/10.1016/j.jclepro.2011.06.010
https://doi.org/10.1080/03088839.2017.1319983
https://doi.org/10.1080/03088839.2017.1319983
http://dx.doi.org/10.1016/j.oceaneng.2016.04.030
http://dx.doi.org/10.1016/j.trc.2014.12.001
http://dx.doi.org/10.1108/bij-01-2017-0006
https://doi.org/10.1016/j.jclepro.2018.05.120
http://dx.doi.org/10.1016/j.ssci.2015.05.004

Mirmousa, S. & Dehnavi, H. D., 2016. Development of criteria of selecting the supplier
by using the fuzzy DEMATEL method. Procedia-Social and Behavioral Sciences, 230,
281-289. Available at: https://doi.org/10.1016/j.sbspro.2016.09.036.

Muhammad, M. N. & Cavus, N., 2017. Fuzzy DEMATEL method for identifying LMS
evaluation criteria. Procedia computer science, 120, 742-749. Available at: https://
doi.org/10.1016/j.procs.2017.11.304.

Ocampo, L. A, Tan, T. A. G. & Sia, L. A, 2018. Using fuzzy DEMATEL in modeling the
causal relationships of the antecedents of organizational citizenship behavior (OCB)
in the hospitality industry: A case study in the Philippines. Journal of Hospitality
and Tourism Management, 34, 11-29. Available at: https://doi.org/10.1016/j.
jhtm.2017.11.002.

OCIMF, 2018. A Guide to Best Practice for Navigational Assessments and Audits. Oil
Companies International Marine Forum, London.

0Ozoga, B. & Montewka, J.,, 2018. Towards a decision support system for maritime
navigation on heavily trafficked basins. Ocean Engineering, 159, 88-97. Available at:
https://doi.org/10.1016/j.0ceaneng.2018.03.073.

Papachristos, D., Koutsabasis, P. & Nikitakos, N., 2012, December. Usability evaluation
at the ship’s bridge: A multi-method approach. In 4th International Symposium on
Ship Operations, Management and Economics. Available at: https://citeseerx.ist.
psu.edu/viewdoc/download?doi=10.1.1.297.2288&rep=rep1&type=pdf.

Pinheiro, L. et al,, 2017. Ship Movements' Analysis in a Physical Scale Model. Defect
and Diffusion Forum, 372, pp.132-141. Available at: http://dx.doi.org/10.4028/www.
scientific.net/ddf.372.132.

Pomeroy, R. V., & Jones, B. M., 2002, October. Managing the human element
in modern ship design and operation. In Human Factors in Ship Design and
Operation Conference. Available at: https://dvikan.no/ntnu-studentserver/reports/
MANAGING%20THE%20HUMAN%20ELEMENT%20IN%20MODERN%20SHIP%20
DESIGN%20AND%200PERATION.pdf.

Porathe, T., Lutzhoft, M., & Praetorius, G., 2013. Communicating intended routes in
ECDIS: Evaluating technological change. Accident Analysis & Prevention, 60, 366-
370. Available at: https://doi.org/10.1016/j.aap.2012.12.012.

Rutkowski, G., 2018. ECDIS Limitations, Data Reliability, Alarm Management and
Safety Settings Recommended for Passage Planning and Route Monitoring on VLCC
Tankers. TransNav: International Journal on Marine Navigation and Safety of Sea
Transportation, 12. Available at: https://doi.org/10.12716/1001.12.03.06.

SOLAS., 2018, International Maritime Organization, International Convention for
the Safety of Life at Sea (SOLAS), Consolidated Edition as of 2018.

Stateczny, A., 2001. Neural manoeuvre detection of the tracked target in ARPA
systems. IFAC Proceedings Volumes, 34(7), 209-214. Available at: https://doi.
org/10.1016/s1474-6670(17)35084-x.

Trans. marit. sci. 2022; 01: 16-27

Tac, B. O, Akyuz, E., & Celik, M., 2020. Analysis of performance influence factors
on shipboard drills to improve ship emergency preparedness at sea. International
Journal of Shipping and Transport Logistics, 12(1-2), 92-116. Available at: https://doi.
org/10.1504/ijstl.2020.10027538.

Tooranloo, H. S., Azadi, M. H., & Sayyahpoor, A., 2017. Analyzing factors affecting
implementation success of sustainable human resource management (SHRM) using
a hybrid approach of FAHP and Type-2 fuzzy DEMATEL. Journal of cleaner production,
162, 1252-1265. Available at: https://doi.org/10.1016/j.,jclepro.2017.06.109.

Tsai, S.-B. et al,, 2015. Using the Fuzzy DEMATEL to Determine Environmental
Performance: A Case of Printed Circuit Board Industry in Taiwan Y. Deng, ed.
PLOS ONE, 10(6), p.e0129153. Available at: http://dx.doi.org/10.1371/journal.
pone.0129153.

Tsou, M. C,, 2016., Multi-target collision avoidance route planning under an ECDIS
framework. Ocean Engineering, 121, 268-278. Available at: https://doi.org/10.1016/j.
oceaneng.2016.05.040.

Wan, X. Gan, C, & Huang, C, 2005. An electronic chart display and
information system. Marine Geodesy, 28(2), 175-189. Available at: https://doi.
org/10.1080/01490410590953730.

Wu, W. W., & Lee, Y. T, 2007. Developing global managers’ competencies using the
fuzzy DEMATEL method. Expert systems with applications, 32(2), 499-507. Available
at: https://doi.org/10.1016/j.eswa.2005.12.005.

Wu, X., Roy, U., Hamidi, M., & Craig, B. N., 2020. Estimate travel time of ships in narrow
channel based on AIS data. Ocean Engineering, 202, 106790. Available at: https://
doi.org/10.1016/j.0ceaneng.2019.106790.

Xi, Y.T. et al, 2009. Case-based HFACS for collecting, classifying and analyzing
human errors in marine accidents. 2009 IEEE International Conference on Industrial
Engineering and Engineering Management. Available at: http://dx.doi.org/10.1109/
ieem.2009.5373128.

Xiaorui, H., & Changchuan, L., 2011. A preliminary study on targets association
algorithm of radar and AlIS using BP neural network. Procedia Engineering, 15, 1441-
1445. Available at: https://doi.org/10.1016/j.proeng.2011.08.267.

Yan, Z. et al, 2020. Analysis of global marine oil trade based on automatic
identification system (AIS) data. Journal of Transport Geography, 83, p.102637.
Available at: http://dx.doi.org/10.1016/j.jtrangeo.2020.102637.

Zadeh, L. A., 1965. Fuzzy sets. Information and control, 8(3), 338-353. Available at:
https://doi.org/10.1016/50019-9958(65)90241-x.

Zimmermann, H. J, 2010. Fuzzy set theory. Wiley Interdisciplinary Reviews:
Computational Statistics, 2(3), 317-332. Available at: https://doi.org/10.1002/
wics.82.

Zugkin, S., Brei¢, D., & Val¢i¢, S., 2017. ECDIS possibilities for BWE adoption. TransNav:
International Journal on Marine Navigation and Safety of Sea Transportation, 11(3).
Available at: https://doi.org/10.12716/1001.11.03.13.

TRANSACTIONS ON MARITIME SCIENCE -I-r‘ Mq

27


https://doi.org/10.1016/j.sbspro.2016.09.036
https://doi.org/10.1016/j.procs.2017.11.304
https://doi.org/10.1016/j.procs.2017.11.304
https://doi.org/10.1016/j.jhtm.2017.11.002
https://doi.org/10.1016/j.jhtm.2017.11.002
https://doi.org/10.1016/j.oceaneng.2018.03.073
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.297.2288&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.297.2288&rep=rep1&type=pdf
http://dx.doi.org/10.4028/www.scientific.net/ddf.372.132
http://dx.doi.org/10.4028/www.scientific.net/ddf.372.132
https://dvikan.no/ntnu-studentserver/reports/MANAGING%20THE%20HUMAN%20ELEMENT%20IN%20MODERN%20SHIP%2
https://dvikan.no/ntnu-studentserver/reports/MANAGING%20THE%20HUMAN%20ELEMENT%20IN%20MODERN%20SHIP%2
https://dvikan.no/ntnu-studentserver/reports/MANAGING%20THE%20HUMAN%20ELEMENT%20IN%20MODERN%20SHIP%2
https://doi.org/10.1016/j.aap.2012.12.012
https://doi.org/10.12716/1001.12.03.06
https://doi.org/10.1016/s1474-6670(17)35084-x
https://doi.org/10.1016/s1474-6670(17)35084-x
https://doi.org/10.1504/ijstl.2020.10027538
https://doi.org/10.1504/ijstl.2020.10027538
https://doi.org/10.1016/j.jclepro.2017.06.109
http://dx.doi.org/10.1371/journal.pone.0129153
http://dx.doi.org/10.1371/journal.pone.0129153
https://doi.org/10.1016/j.oceaneng.2016.05.040
https://doi.org/10.1016/j.oceaneng.2016.05.040
https://doi.org/10.1080/01490410590953730
https://doi.org/10.1080/01490410590953730
https://doi.org/10.1016/j.eswa.2005.12.005
https://doi.org/10.1016/j.oceaneng.2019.106790
https://doi.org/10.1016/j.oceaneng.2019.106790
http://dx.doi.org/10.1109/ieem.2009.5373128
http://dx.doi.org/10.1109/ieem.2009.5373128
https://doi.org/10.1016/j.proeng.2011.08.267
 http://dx.doi.org/10.1016/j.jtrangeo.2020.102637
https://doi.org/10.1016/s0019-9958(65)90241-x
https://doi.org/10.1002/wics.82
https://doi.org/10.1002/wics.82
https://doi.org/10.12716/1001.11.03.13

