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Abstract

This paper aims to investigate the technological innovation, and the importance of using the
digitalized database, in facilitating the Port State Control (PSC )asks and digitalizing the current
conventions and codes, after being amended to cope with the autonomous innovation to develop
a (PSC) pointed-SOLAS ships-for-inspection system and support the upcoming new technology
Modern ships which avoids the deficiencies of the existing framework, provides an integrated
model capable to select the substandard ships, and acts as a complementary measure to PSC

system.

The Analytic Hierarchy Process (AHP) and Method for Order Preference Based on Ideal
Solution Similarity (TOPSIS) models for Making Decisions, Using Multiple Criteria methods
were chosen. These methods were used to rank the alternative ships that would be examined in
accordance with the adopted targeted variables. The following elements are part of the system
for choosing ships for inspection that is proposed in this study: Factors to take into account
include the Kell laid, the ship specific, the country of registry, the number of flaws, the overall
number of claims, the classification society, the number of unresolved deficiencies, the interval
since the last inspection, the ship operators, the investors, and the quantity of casualties and
violations.

The form of the convention’s strategy poses a challenge in using this new form of technology.
This is apparent, in the absence of regulations, mentioning the Modern ships equipment, as well
as, a strategy for using the new technology, through the PSC, to manage and inspect the safe
shipping operation to avoid marine accidents and protect the environment .Quantitative and
qualitative analyses were combined to achieve the main objectives of the study.

Keywords: Port State Control , Analytic Hierarchy Process and Method for Order Preference
Based on Ideal Solution Similarity .
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1. Bckground
Stakeholders with an interest in the shipping sector have support the goals and aspect for PSC

role . Many of those parties have stated that the alliances between fleets and the modifications to
market processes are the root causes of this issue. Numerous other factors, including the general
inability of those developing nations to implement and adhere to the most recent and frequent
technical amendments to International Maritime Organization (IMO) instruments, the use of tacit
acceptance techniques to bring the technical amendments into force, and the widespread
implementation of PSC around the globe, all significantly contributed to the decline in the global
fleet.

The IMO has created a number of regulations , conventions and instruments to decrease the loss
of life, shipping losses, and environmental disaster that are frequently linked to maritime
casualties. Marine casualties have always been a major problems . Numerous strategies to
prevent the conditions that cause accidents have been developed as a result of these international
treaties. While some are used on land to promote navigation safety, others are implemented at
sea to ameliorate the situation, and some are used on ships to assure operational effectiveness,
casualties still happen with worrying regularity.

By putting the ships under some forms of control, further measures are thought necessary to
guarantee the proper application of international conventions and treaties. Then, it has been
acknowledged that ports may contribute to the promotion of maritime safety and environment
protection to complete the safety system as nodes in the supply chain for seaborne trade. Flag
State Control (FSC) and PSC are the two aspects of ship control, respectively PSC. The IMO has
established the standards for putting into practice the appropriate processes for both by the
administrations to eradicate the substandard ships.

2. Introduction

Modern ship technology, Robotics, Drones, and E-certificates are already used in marine sectors
and approved by port authorities under regulatory framework. The legal concern is
understandable given that the autonomous shipping market, which was estimated in 2018 to be
worth USD 6.1 billion, is now projected by some to be worth a staggering $136 billion by 2030 (
koscielecki, et al., 2019).

There are numerous autonomous features and benefits for maritime shipping, including not only
the reduction or elimination of human errors and crew claims, but also the accuracy of using
AHP-TOPSIS model for data analysis to achieve and determine corrective action.

The exciting development of a "smart ship" will transform the landscape of ship design and
operations, but this revolution will be fraught with difficulties. This briefing defines autonomous
ships while focusing on the International Conventions and Regulations that will need to be
updated to accommodate this new technological revolution.
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The integrated model, which is the primary contribution of this effort, attempts to improve the
effectiveness of the ship-selection system, i.e. increasing both stability and efficiency, within the
existing PSC framework, and solves the ship-selection problem associated with the three
approaches used herein.

In the following sections, the structure of the integrated selecting-ship-for-inspection system is
outlined. Then it is applied to the case study and results obtained are presented and analyzed.

Finally, the findings of this paper are that, booming of SOLAS ships and new Autonomous
technology and the integration with the AHP-TOPSIS modeling, with the benefits of
transparency and cost-efficiency, facing major problems in working at sea will be minimized,
also, there will be a scheme to follow in the updated conventions & the PSC inspections, that
will update the new effective standards, in the maritime industry, that will diminish marine
accidents.

3. Method Use And Tools .

There are several different Multi-Criteria Decision Making (MCDM) strategies, each of which
can be used to a variety of challenges in fields like education, the environment, risk assessment,
and decision-making. Since each of the MCDM approaches has its own benefits and drawbacks,

and because the choice of the best strategy largely depends on the problem being studied, it is
difficult to determine which approach is the most efficient and appropriate.

In order to increase the effectiveness of the PSC programme, the current research introduced the
Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) approach. This
strategy has the advantage of successfully identifying the optimal alternative and addressing
challenging decision-making issues. The TOPSIS approach makes the assumption that each
factor has a tendency to monotonically increase or decrease utility, which makes it easy to define
the ideal solutions that are both positive and negative. However, this approach needs to
determine the weights of selected factors, and it does so by asking experts for their opinions.
[Lai, et al (1994); Deng, et al (2000); Opricovic and Tzeng (2004); Srdjevic, et al (2004);
Haisha (2008); Hung and Chen (2009); Fouladgar, et al (2011) and El Syaed, et al (2014)].

It would be more acceptable to employ a strong and relevant technique such as Analytic
Hierarchy Process to address the TOPSIS approach's weakness of the difficulty to weigh
considerations and maintain consistency of judgement (AHP). The latter approach has many
benefits, including the following: (a) it makes use of the preferences of the experts based on their
knowledge and experiences; (b) it checks the consistency of the information before eliminating
any inconsistent information accordingly, reducing uncertainties in the results; and (c) it derives
the factor weights by using pair-wise comparisons in accordance with the preferences of the
experts. [McCaffrey (2005); Berrittella, et al (2007); Behzadian, et al (2012); Nasim, et al
(2013); El Syaed, et al (2014) and Pangsri (2015)]
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These findings led to the conclusion that the TOPSIS and AHP techniques make up two solid
options for the current study. It was sought to blend the two approaches in order to create a
hybrid strategy that would lessen their weaknesses while combining their strengths. The
challenges encountered when applying the TOPSIS and AHP techniques separately may be
overcome by the hybrid approach. The weight of each individual element was initially
determined using the AHP method. The study was then finished using TOPSIS until substitute
ships were ranked.

4. Structure of The Proposed Selecting Ship For Inspection System
This section describes the detailed methodology which includes three steps to construct the
integrated selecting-ships-for inspection system as follows:

Step 1: The expert's judgments are used to evaluate the eleven factors, (fi, 2, f3, fa, ...., f11),
includes the following factors: Kell laid, ship specific, nationality of registry, a number of
shortcomings, total number of claims, classification society, number of outstanding deficiencies,
time since last inspection, ship operators, investors, and number of casualties and violations are
all factors to consider.

Step 2: The AHP approach is used to check consistency of the experts’ judgements, then assign
weight to each factor, (w;, wa, W3, W ...., Wi1), which represents the importance of the factor.

Step 3: The alternative vessels to be checked are marking using the TOPSIS method.

Figure (1) shows the structure of the proposed selecting-ship-for inspection system.
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Proposed selecting-ship-for-
inspection system
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Figure (1) Structure of the proposed selecting-ship-for-inspection system
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S. Data Collection
The main tenet of the PSC order is that inspect foreign ships in their national ports to ensure that
they are manned and operated in accordance with the relevant international laws and that their
hull, machinery, and safety equipment comply with maritime regulations and conventions. The
PSC has the authority to demand that flaws be fixed and, if necessary, to imprison ships for this

purpose.

Ten ships are thought to be stopping at a fictitious port in the case study under discussion; for the
sake of discussion, the ships will be coded S1, S2, S3,..., S10. Only four inspectors from the PSC
office are in charge of conducting on-board inspections.

One ship may be inspected every day by each inspector. The challenge here is how to choose
these 4 ships properly since there are 4 ships that need to be inspected out of thel0 that need to
be inspected. To achieve this, the Hybrid technique was used to rank the 10 ships.

6. Application of The Proposed Selecting Ship For Inspection System

One of the objectives of PSC is to set targeting factors to help identify what priority a particular
foreign ship should be given for inspection in the region. The proposed structure of the selecting-
ships-for-inspection model in this study includes the three main groups of factors as follows:
firstly, the ship’s characteristics such as ship age and ship type; secondly, the performance of the
flag state, ship owner, classification society and ship builder; and thirdly, records from previous
inspections such as number of detentions, number of deficiencies, number of outstanding
deficiencies, number of casualties/violations, and time since last inspection.

As such, this study proposes an integrated AHP-TOPSIS model; AHP technique is concerned
with the calculation of the weight of the selected factors, whereas TOPSIS technique is
employed to rank the alternative ships based on their overall performance.

Figure (2) shows the flow of the processes of the proposed hybrid approach combining AHP and
TOPSIS for the selecting-ships-for-inspection system.
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Step 1: Determine targeting factors

il

Step 2: Construct pair-wise
comparison matrix

Il

Step 3: Calculate the weight of
each factor

il

Step 4: Construct the normalized
decision matrix

- 5

Step 5: Construct the weighted
normalized decision matrix

i

Step 6: Calculate the positive and
negative ideal solutions

il

Step 7: Rank alternatives

AHP
—
Technique
—
TOPSIS
Technique
—

il

Step 8: Select alternatives to be
inspected

Figure (2) Research flowchart

The statistical technique (Excel sheet) has been used to calculate the variance and standard
deviation for the eleven factors. The standard deviation results ranged from (0.0637) to (2.1088),
and the variance from (0.0041) to (4.4470), as shown in Table. The relative importance of each
factor indicated in Figure (3).
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Figure (3) Weight of factors using AHP approach

Finally, the TOPSIS approach was applied in order to rank the ships. The weights of factors,
which were calculated using AHP, were used as the input to TOPSIS. The proposed system was
applied to rank the ten ships according to their targeting priority.

The results shown in Figure (4) indicate that ship Ss has a rank of 1, while ship S4 has a rank of
2. Ship S, and ship S;o possess ranks of 3 and 4, respectively. The results obtained from the
proposed system reflected the importance of the factors weights and its impact on selection of

the four ships.
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Figure (4) Ship targeting priorities based on the proposed system
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According to the previously explained PSC strategy, the following can be deducted

e Using the AHP-TOPSIS Model contributes to managing and securing the PSC targeting
evaluation through various cons. PSC inspectors can easily trace the history of any ship's
data.

e Model is resistant to cyber-attacks and that would be helpful in preventing any access to PSC
database especially by hackers.

e Model provides PSC numerous criteria of the data which can select.

7. Discussion

In recognition of PSC’s importance in enforcing national and international ship safety standards,
port states invest a great deal of time, effort, and resources to promote effectiveness in the
implementation of their regional inspection regime. Assessments serve as a periodic review of
the regime’s purpose, an encouragement to its continued implementation, an instrument in
identifying success and failure, as well as a tool to distinguish one from the other. In this regard,
the current research offers a twofold contribution to PSC. Firstly, it gives a substantial
contribution to the determination of new targeting factors that may lead to an enhanced
implementation of PSC. Secondly, it presents a way to tackle the issue of the effectiveness of
controls within a hybrid AHP-TOPSIS model, in order to enhance the effectiveness of the PSC
inspections.

The TOPSIS technique was included in the recent study to increase the PSC program's efficacy.
This strategy has the advantage of successfully identifying the optimal alternative and addressing
challenging decision-making issues. The TOPSIS approach assumes that each factor tends to
monotonically increase or decrease utility, which makes it easy to define the ideal solutions that
are positive and negative. However, this approach needs to establish the weights of chosen
factors, which it does by asking experts' opinions.

To overcome the TOPSIS approach shortcoming of the difficulty to weight factors and keep
consistency of judgement, it would be more appropriate to use a powerful and suitable technique
such as AHP. The latter approach has many advantages as follows: (a) it uses the experts’
preferences depending on their knowledge and experiences; (b) it checks consistency of
information then inconsistent information is eliminated accordingly, and uncertainties in results
are diminished and (c) the factor weights are obtained by using pair-wise comparisons according
to preferences of the experts.
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8. Conclusion

The technological achievement brought the vision of fully autonomous shipping to life, while
supporters of autonomous shipping are working hard to implement the technology as quickly as
possible and put it into force. This paper has shown the importance of the AHP-TOPSIS Model
in the maritime field currently , especially in the mechanism of PSC, to select data; this will
result in changing the maritime conventions and codes. There are many marine entities, which

have used this technology in different ways, which proved its success in marine ports and marine
companies, and support the PSC to handle the select target with the upcoming technology .

References
- Aarushi, S. and Sanjay, K. (2014), “Major MCDM Techniques and their application - A
Review”, Journal of Mathematics and Computer Science Research, Vol. 4, PP. 14-25.

- Behzadian, M., Khanmohammadi, S., Yazdani, M. and Ignatius, J. (2012), “A state-of the-art
survey of TOPSIS applications”, Expert Systems Applications, Vol. 39, PP. 13051-13069.

- Berrittella M., Certa, A., Wnea, M. and Zito, P. (2007), “An Analytic Hierarchy Process
(AHP) for the evaluation of transport policies to reduce climate change impacts”, Fondazione
Eni Ennico Muttei, Milano.

- Datta, S., Saha, D., Ray, A. and Das, P. (2014), “Anti-islanding selection for grid-connected
solar photovoltaic system applications: A MCDM based distance approach”, Solar Energy,
Vol. 110, PP. 519-532.

- Deng, H., Yeh. C. H. and Willis, J. (2000), “Inter-company comparison using modified
TOPSIS with objective weights”, Computers and Operations Research, VOL 27, Issue 10,

- Deng, X., Hu, Y. and Deng, Y. (2014), “Supplier selection using AHP methodology extended
by D numbers”, Expert Systems Applications, Vol. 41, PP. 156-167.

- Egyptian Authority for Maritime Safety (EAFMS), Maritime safety information center and
ships inspection head office, @eafms.com, and Annual reports of PSC inspections (2021),
PSC matters, psc@eams.gov.eg

- El Sayed, T., Marghany, K. and Abdelkader, M. (2014), “Risk assessment of Liquefied
natural gas carriers using fuzzy TOPSIS”, Journal of Ship and Offshore Structure, Vol.9, PP.
355-364.

- Elwakeel, M. (2011), “Rules of Port State Control to enhance the maritime safety standards”,
Journal of the Arab Institute of Navigation, Issue 27, PP. §8-22.

24

Ain Journal No. 45 Jan 2023




B Ain Journal

- Elwakeel, M. (2013), “The concept of state control on ships and its implementation”, Journal
of the Arab Institute of Navigation, Issue 29, PP. 18-29.

- Elwakeel, M. and Elnoury, A. (2018), “Effectiveness of Port State Control inspections within
the framework of the Mediterranean memorandum of understanding”, International Journal of
Research in Engineering & Technology, Issue No. (6), June 2018.

- El Sayed, T., Marghany, K. and Abdelkader, M. (2014), “Risk assessment of Liquefied
natural gas carriers using fuzzy TOPSIS”, Journal of Ship and Offshore Structure, Vol.9, PP.
355-364. PP. 963-973.

- Fouladgar, M., Abdolreza, Y. and mohammad, B. (2011), “Risk Evaluation of Tunneling
Projects by Fuzzy TOPSIS”, International Conference on Management Tehran, Iran.

- Georgiou, D., Mohammed, E. and Rozakis, S. (2015), “Multi-criteria decision making on the
energy supply configuration of autonomous desalination units”, Renew Energy, Vol.75, PP.
459-467.

- Gratl, F., Egger, P., Rauch, W. and Kleidorfer, M. (2017), “Comparison of Multi-Criteria
Decision Support Methods for Integrated Rehabilitation Prioritization”, Water Journal, Vol. 9,
PP. 1-28.

- Haisha, Z. (2008), "Maritime safety policy and risk management" Ph. D. Thesis, Hong Kong
Polytechnic University.

- Hung, C. and Chen, L. (2009), “A Fuzzy TOPSIS Decision Making Model with Entropy
weight under Intuitionistic fuzzy Environment”, International Multi Conference of Engineers
and Computer Scientists, Hong Kong

- Jiasheng, W., Liu, M., Zhang, W. and Cheng, L. (2014), “Safety assessment of shipping
routes in the South China Sea based on the fuzzy analytic hierarchy process”, Journal of
Safety Science, Vol. 62, PP. 46-57.

- Kabir, G., Sadiq, R. and Tesfamariam, S. (2014), “A review of multi-criteria decision-making
methods for infrastructure management”, Journal of Engineering, Vol. 10, PP. 1196-1210.

- Kara, E. (2016), “Risk Assessment in the Istanbul Strait Using Black Sea MOU Port State
Control Inspections”, Maritime Transport Management Engineering, Faculty of Engineering,
University of Istanbul.

- koscielecki,et al.2019 “Legal Briefing Sharing’” the Club’s legal expertise and experience.
UKP&I www.ukp&i.com

- Kolios, A., Mytilinou, V., Minguez, E. and Salonitis K. (2016), “A Comparative Study of
Multiple-Criteria Decision-Making Methods under Stochastic Inputs”, Energies Journal, Vol.
9, PP. 1-21.

25

Ain Journal No. 45 Jan 2023




Ain Journal S

- Kolios, A., Rodriguez, A. and Salonitis, K. (2016), “Multi-criteria decision analysis of
offshore wind turbines support structures under stochastic inputs”, Ships Offshore Struct, Vol.
11, PP. 38-49.

- Lai, Y., Liu, T. and Hwang, C. (1994), “TOPSIS for MCDM?”, European Journal of
Operational Research, Vol. 76, PP. 486-500.

- Martin, A., Spano, G., Kiister, J., Collu, M. and Kollios, A. (2013) ,, , “Application and
extension of the TOPSIS method for the assessment of floating offshore wind turbine support
structures”, Ships Offshore Struct, Vol. 8, PP. 477-487.

- McCaffrey J. (2005), “Test Run the Analytic Hierarchy Process”, MSDN Magazine, Vol. 6,
PP. 23-30.

- Nasim, K., Hamidreza, J. and Bahram, M. (2013), “Appling ldexing Method to Railway Risk
Assessment by using AHP and Mamdani Fuzzy Algorithm MATLAB: a case study in Iran,
Qazvin- Zanjan Railway”, Global Journal of Biodiversity Science and Management, Vol. 3,
Issue 1, PP. 26-33.

- Opricovic, S. and Tzeng, H. (2004), “Compromise solution by MCDM methods: A
comparative analysis of VIKOR and TOPSIS”, European Journal of Operational Research,
Vol. 156, PP. 445-455.

- Pangsri, P. (2015), “Application of the Multi Criteria Decision Making Methods for Project
Selection”, Universal Journal of Management, Vol.3, PP. 15-20.

- Pangsri, P. (2015), “Application of the Multi Criteria Decision Making Methods for Project
Selection”, Universal Journal of Management, Vol.3, PP. 15-20.

- Qiao, Q. and Niu, Y. (2014), “The Naval Performance evolution approach to marital arts
teachers based on TOPSIS method”, Journal of Chemical and Pharmaceutical Research, Vol.
6, PP. 482-488.

- Srdjevic, B., Medeiros, Y. and Faria, A. (2004), “An objective Multi-Criteria Evaluation of
Water Management Scenarios”, Water Resources Management, Vol. 18, PP. 35-54.

- Trstenjak, B. and Danko, D. (2014), “Quality Evaluation of Erasmus Student Mobility using
Fuzzy TOPSIS Framework”, JPEDR Vol. 70, Issue 2, PP. 11-21.

26

Ain Journal No. 45 Jan 2023




