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SUMMARY

Maritime transportation has gradually moved towards using Maritime Autonomous Surface Ship (MASS) to reduce the cost of human resources, increase people’s safety and improve operational efficiency. This article explores which berth of the Kaohsiung port is suitable for mooring a MASS. After reviewing the literature and gathering experts’ opinions, a hierarchy structure with three assessment aspects, nine criteria and three potential alternatives suitable for the berth selection of a MASS were obtained. We then integrate the subjective Analytic Hierarchy Process (AHP) method and the objective Automatic Identification System (AIS) technique to select an appropriate berth for the mooring of a MASS. The empirical result indicates that “the 7th Container Centre” of the Kaohsiung port is more suitable for mooring a MASS. Moreover, the conclusions and recommendations are given to maritime government authorities and port operators for reference when upgrading from traditional ports to intelligent ports in the future.
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1. INTRODUCTION

The Maritime Safety Committee (MSC) of International Maritime Organization (IMO) defined Maritime Autonomous Surface Ship (MASS) in December 2018. The MASS, commonly known as intelligent self-driving ships or un-crewed ships, is a type of ship without any crew on board. Critical issues for MASS were discussed at this meeting, including safety, collision regulations, search and rescue, and other topics. Some researchers (Chou et al., 2022a; Goerlandt, 2020; Liao et al., 2019; Piao et al., 2019; Ramos et al., 2019; Wróbel et al., 2017; Zhang et al., 2020) estimated that un-crewed merchant ships would enter the international shipping market to transport cargo in the next ten years.

Due to the rapid development of science and technology, the technologies for un-crewed vehicles and drones have gradually matured. Maritime transportation has gradually moved towards using Maritime Autonomous Surface Ship (MASS) to reduce the cost of human resources, increase people’s safety and improve operational efficiency. Although the technology of MASS has yet to mature in the present maritime transportation industry, some countries actively develop the MASS. There are still a few successful cases. For example, a Finnish ferry company and a United Kingdom company successfully developed together the world’s first autonomous Ro-Ro ferry—FALCO—in 2018. In addition, Svitzer—a company owned by Maersk shipping company, developed an un-crewed tugboat, the Svitzer Hermod, which completed the first navigation test in the port of Copenhagen (Denmark) in 2017. With the help of this emerging technology and the development of intelligent maritime autonomous merchant ships, un-crewed merchant ships carrying international trade goods in the global shipping market will become a trend.

Taiwan is an island country. More than 90% of Taiwanese import and export trade cargo is transported by marine transportation. In addition, the largest port—Kaohsiung port—of Taiwan is also a hub port connecting with many Asian routes due to the advantage of its geographical location. Its throughput accounts for over 60% of Taiwanese import/export cargo. It also actively invests in the development of intelligent ports in recent years. An inevitable trend for Taiwan is that maritime autonomous merchant ships enter/exit Taiwanese ports and load/unload cargo in the future. Taiwanese port managers should pay attention to MASS development trends and plan relevant regulations. Moreover, think about how to use innovative technology to upgrade the port to accommodate MASS to improve the operational efficiency and competitiveness of the port. Although some previous studies have proposed berth allocation for merchant ships with seafarers on board, few have focused on the berth location selection for MASS. Hence, this article focuses on the berth location selection for MASS mooring at the Kaohsiung port.

Saaty (1980) introduced the Analytic Hierarchy Process (AHP) method, which is suitable for solving multiple-criteria decision-making (MCDM) problems. Many researchers have used the AHP method to solve MCDM problems in various industries. The AHP method can transform a complex evaluation system into a clear-cut hierarchical framework through a series of operating steps. In addition, because pairwise comparison is considered to be one of the most effective methods of reaching decisions, the AHP method adopted in this study employed a 9-point scale to perform pairwise comparison of the weights of individual evaluation criteria when constructing a pairwise comparison matrix. Due to the fact that the AHP can systematize and analyse complex problems, e.g., location selection problems, by establishing hierarchical structures. Here the berth selection for intelligent MASS is also an MCDM location selection problem. That is why this paper chooses the AHP method to solve this problem of berth location selection for MASS mooring at the Kaohsiung Port. Hence, among the many MCDM methods, the AHP method is considered a very effective approach for solving qualitative problems.

Navigational safety is one of the most critical factors while selecting the berth location for MASS. Ship traffic flow within the port could significantly affect the navigational safety of MASS. The analysis of ship traffic flow density is a quantitative problem. Chou et al. (2022b) reported that the ship Automatic Identification System (AIS) is an appropriate technique for objectively analysing a port’s ship traffic flow density. Hence, the AIS technique is considered a suitable approach for solving quantitative problems in this paper.

In summary, to overcome the subjectivity problem of the AHP method, this paper applied the AHP associated with the objective AIS data to select the berth location for MASS mooring at the Kaohsiung port. Apart from this section, the second section of this paper reviews literature. The third section introduces the present situation of the Kaohsiung port. The fourth section applies the integrated AHP and AIS method to solve the problem of berth location selection for MASS mooring at the Kaohsiung Port. The fifth section presents the conclusions and recommendations.

2. LITERATURE REVIEWS

Ship berth allocation and methodologies including AHP and AIS are reviewed in this section.

2.1 SHIP BERTH ALLOCATION AND AHP

In the past, the literature related to ship berthing and berth allocation operations can be separated into three categories: (1) The first category is related to the berth allocation of ships with crews on board, e.g., Bierwirth and Meisel (2015); Corry and Bierwirth (2019); Du et al. (2015); Kramer et al. (2019); Li and Pang (2011); Liu, Li, Wang et al. (2021); Zhang et al. (2016), etc. (2) The second category is the safety of berthing operations, e.g., Hsu (2015); Hsu and Kao (2017), etc. (3) The third category is the automatic berthing of ships, e.g., Im and Nguyen (2018); Kamolov and Park (2019); Kim et al. (2020); Liu, Li, Shan et al. (2021); Nguyen (2020); Xiao et al. (2021); Zhang, Zhu and Hu et al. (2019), etc. Although those literature related to ships berthing and berth allocation operations used various algorithms or research methodologies, they focused on the berthing and berth allocation operations of traditional ships with crew members on board. However, there are few studies on the berth allocation and berthing operations of intelligent maritime autonomous merchant ships. So far, the berth location selection problems of autonomous merchant ships have not been discussed yet.

In the past, most of the previous studies on ship berthing and berth allocation operations used mathematical programming or related algorithms. Although it is possible to pursue optimal solutions, the calculation process is more complicated. The berth allocation of an intelligent MASS is a complex MCDM problem, so the various mathematical algorithms used in the relevant previous literature are not easy to illustrate their advantages. Therefore, this paper adopts the AHP method to solve the berth location selection problem of MASS. The calculation process is relatively simple. The AHP has been applied to many fields, such as transportation and management, due to its suitability for dealing with complex decision-making problems, e.g., Chou (2010a; 2010b); Chou and Ding (2016); Ding et al. (2019); Ding et al. (2023); Han et al. (2016); Hsu and Ding (2021); Metin and Ahmet (2012); Tsai et al. (2018); Wang et al. (2014), etc.

2.2 AIS

In the past, the AIS has been widely applied to navigational safety in maritime transportation, especially in analysing vessel traffic flow within a port. Rødseth and Burmeister (2015) pointed out that one of the major risk control options for MASS is to avoid heavy traffic. Kretschmann et al. (2015) identified the main risks related to the operation of an unmanned dry bulk carrier. One of the main risks was the collision with conventional ships in heavy traffic. Wróbel et al. (2017) analysed the breakdown of accidents’ number by voyage phase in which they occurred. Voyage phases can be separated into six parts: pilot station to berth, coastal navigation, ocean navigation, anchorage, restricted visibility, and wind Beaufort over 5. Chou et al. (2019) indicated that the fairway of a port is a high-risk zone with the probability of collision.

Campbell et al. (2012) showed that AIS is one required system to transmit information, e.g., ship course, speed, and position, and to receive information about other vessels when MASS would like to improve the autonomy and to avoid collision. Goerlandt and Montewka (2015) indicated that AIS is useful for obtaining traffic data and analysing navigational risks. Kao et al. (2020) integrated geographic information systems (GIS) and AIS to develop a decision-making support system for automatically determining the route priority of vessels entering/exiting an intelligent port. Based on the vessel information received/transmitted by AIS within a port, they could analyse the vessel traffic flow and then simulate and determine the route priority of vessels. Chou et al. (2022b) applied AIS and GIS to analyse the density of ship traffic flow around the Kaohsiung port. Furthermore, they identified the major causes of marine accidents and the dangerous positions with high risk of collision.

Furthermore, previous studies, e.g., Altan and Otay (2018); Chen et al. (2019); Wang et al. (2019); Wu et al. (2017); Zhang and Meng (2019); Zhang, Meng and Fwa (2019), etc. have applied AIS to the analysis of ship traffic flows and identified AIS is important and instrumental in analysing the vessel traffic flow density.

3. THE HARBOR FACILITIES AND BERTH ALLOCATIONS OF THE KAOHSIUNG PORT

3.1 THE HARBOR FACILITIES

The Kaohsiung Port is one of Taiwan’s international commercial ports and the largest one. The Kaohsiung Port currently has two inbound/outbound fairways. The water depth of the second fairway is -17.5 metres, and the effective width is 183 metres, which can accommodate 200,000 GRT of bulk carriers, 22,000 TEU container ships, and 225,000 tons of cruise ships. The number of wharves is 137, including 87 operative wharves and 50 non-operative wharves. In addition, 19 mooring pontoons on the fairway can accommodate 13 ships. In other words, the Kaohsiung Port can provide 150 ship berths at a time.

The ten commercial harbour districts of the Kaohsiung Port cover six container centres, of which the first five are the traditional ones. The newer 6th container centre was invested and constructed by Yang Ming Marine Transport Corp. on a BOT (Build, Operate, Transfer) basis and officially entered operation in 2014. The total area of the sixth container centre is 74.8 hectares, and the total length is 1,500 meters. It equips with 8 bridge cranes and can accommodate container ships with a maximum draft of 16 meters. The 6th container centre has automatic loading/unloading operation systems, remote operation systems, Radio Frequency Identification (RFID), and automatic container yards. It is the automatic loading/unloading container centre in the Kaohsiung port. Furthermore, to enhance the competitiveness of the Kaohsiung Port, stabilize its status as a container hub port, and meet the needs of large ships entering the port, the Taiwan International Port Corporation Ltd. (TIPC) built the fully automated 7th container centre. The total length of the 7th container centre is 2,415 meters, and the total area is 149 hectares, which can accommodate 24,000 TEUs super large container ships. The 7th container centre has five deep-water wharves with a maximum draft of 18 meters. The Evergreen Marine Corporation leases most of the wharves and officially enter the 7th container centre for operations in 2024. It is expected that the annual container throughput will reach 4.5 million TEUs. The other wharves of the 7th container centre can accommodate oil tankers, chemical tankers, and bulk carriers.

3.2 THE RULES AND PROCEDURES OF BERTH ALLOCATION OPERATION

In the past, the Kaohsiung port initially carried out berth allocation operations in manual coordination meetings. The members of the coordination meetings include port authority, shipping agents, ship owners, and loading/unloading companies. However, in recent years, the Kaohsiung port actively promoted the smart port policy to upgrade the port and improve operation efficiency. The berth allocation operations have become mainly online internet operations and partly manual methods. The shipping agent must apply for a ship berth daily via the online internet system. Suppose the ship berth arrangement by the online internet system fails to meet the needs of the shipping agents. In that case, the port authority will carry out the ship berth allocation operation in manual coordination meetings.

3.2 (a) The Rules of Berth Allocation

The Kaohsiung port authority is only responsible for the berth allocation of the self-operated wharves, not accountable for that of chartering ones. Based on “The Rule for the Mooring Operation in the Kaohsiung Port,” the port operators adopt the principle of first come, first served. The port operators must also consider the characteristics of the wharf, the length and water depth of the wharf, and the type of goods.

The port of Kaohsiung has four categories of berth allocation:

(1) Berthing priority: Ships with berthing priority mean they can directly berth without allocation while reaching the port of Kaohsiung. The ships with berthing priority are usually charged the most expensive berth costs.

(2) Allocation priority: Ships with allocation priority mean they can immediately berth as soon as possible while reaching the port of Kaohsiung. In other words, ships with berthing priority first and ships with allocation priority second. The ships with allocation priority are usually charged the second most expensive berth costs.

(3) Normal allocation: Berthing is available on a first-come, first-served basis. The port operator allocates a berth to a ship depending on its order of reaching the port.

(4) Uncertain allocation: A ship is usually allocated to a specific wharf depending on the cargo loaded on board. However, the port operator can allocate another wharf to the ship reaching the port if the initially allocated wharf has been occupied by another ship.

3.2 (b) Ship Berth Allocation Procedures by A Computer System

The daily berth allocation procedures of the Kaohsiung port are as follows. The shipping agency shall put the information of the vessel, which will arrive at the port, into the berth allocation computer system, which is called MT-NET, by 10 A.M. daily. Based on the vessel’s basic information, the shipping agency’s requirements, and applications for a berth, the computer system (MT-NET) outputs the berth allocation results to the shipping agency. The detailed procedures of ship berth allocation by the computer (MT-NET) is as follows:

(1) The Maritime Port Bureau of Taiwan established the berth allocation computer system (MT-NET) several years ago. Ships must pre-report the estimated time of arrival (ETA) by this computer system before arriving at the port.

(2) The shipping agency must put more detailed information about vessels into the MT-NET system, including ship drafts, cargo loaded on board, and preferred berth.

(3) The MT-NET computer system will calculate and output the berth allocation results according to the Kaohsiung port’s berth allocation rules.

(4) The port authority will start a coordination meeting if the shipping agencies are not satisfied with the berth allocation results provided by the MT-NET computer system. The members of the coordination meeting include port authorities, shipping agents, ship owners, and loading/unloading companies.

(5) The port operator will input the new berth allocation results from the coordination meeting into the Taiwanese Port Net (TP-NET) system to apply related inspection and pilotage operations.

3.3 THE SMART PORT PLANS OF THE KAOHSIUNG PORT

With the rapid development of emerging technologies, ports in various countries have evolved from the initial manpower to today’s automation and intelligence to improve the operational efficiency of ports and international competitiveness. Accommodating a MASS is one of the directions in developing an intelligent port. Emerging technologies such as the advent of the 5G era, the Internet of Things (IoT), blockchain, AI, and big data have been applied to port operations. In response to the current development trend of intelligent ports worldwide, the TIPC (2018; 2022) is actively promoting the development of the port in the direction of intelligent ports to improve the competitiveness of ports. The Transform Sustainable, Modern, and Advanced Ports with Revolutionary Technology program (Trans-SMART) is being promoted by the Kaohsiung port, using intelligent technology with innovation, quality, and sustainability as the port’s vision. The Kaohsiung port can prepare, plan and respond in advance to the advent of the era of intelligent maritime autonomous merchant ships, such as berth allocation for MASS, to make the port safer and more efficient, to reach the milestone of an intelligent port.

The Trans-SMART plan, which can be divided into two major configurations, seaside and landside, contains seven action plans. The seaside configuration includes four action plans: the intelligent assistance system for ship navigation, the IoT with sea meteorological real-time information system, the intelligent berthing integration system, and the maritime robot. The landside configuration includes three action plans: the intelligent land transportation system in the port area, the intelligent monitoring and management system, and the automatic container terminal. A detailed description of the seven plans is as follows:

(1) Intelligent assistance system for ship navigation: Its purpose is to move towards a smart and safe fairway, using sensing technologies such as big data analysis to provide early warning for abnormal situations and reduce the occurrence of marine accidents.

(2) IoT with sea meteorological real-time information system: Provides real-time information such as wind, waves, ocean currents, and tide levels and warns of abnormal situations to strengthen port resilience.

(3) Intelligent berthing integration system: Its purpose is to improve the efficiency of berthing operations when ships enter and leave the port, connect the port operation integration system of the relevant units in the port, and provide the support services such as the computer systems of ship berthing, tugboat, and pilotage.

(4) Maritime robots: The purpose is to improve the safety of underwater operations, the use of maritime robots for detection, inspection, maintenance, and other work, to solve the limitations of traditional divers’ manpower, and improve safety.

(5) Intelligent land transportation system in the port area: Through monitoring equipment, automatic door, sentinel system, the information system of the container yard, and GPS positioning system for vehicles, to control the on-scene status in the port area, calculate the traffic flow and vehicle stop time, establish convenient transportation services, improve the efficiency of the port, and reduce air pollution in the port area.

(6) Intelligent monitoring and management system: Image recognition and identification technology, analysis of abnormal states, and strengthening port security.

(7) Automatic container terminal: Provide 24-hour automatic loading and unloading services, use remote control and automatic guided vehicles for loading and unloading operations to improve the safety and efficiency of container terminals.

4. AN INTEGRATED SUBJECTIVE AHP AND OBJECTIVE AIS METHOD

The AHP is a concept proposed by Saaty in 1971 when he studied the US Department of Defense contingency plan. The whole theory gradually matured after continuous revision, testing, and verification. This theory was finally officially compiled into a book in 1980 and widely used in the military, economy, transportation, medical care, education, energy policy, and other fields. Its process includes systematizing complex problems, decomposing them hierarchically from different levels, transforming them into an easy-to-understand hierarchical system, evaluating them through quantitative methods, integrating the opinions of various experts and scholars, and providing decision-makers with more appropriate solutions, thereby reducing decision-making risks. Liang et al. (2021) pointed out that the AHP is a tool for simulating human thinking processes and provides mathematical expression and processing methods for this thinking process.

The integrated method has ten implementation steps. The first eight implementation steps are the original steps of AHP. The last two implementation steps, i.e., steps 9 and 10, integrate the subjective AHP and the objective AIS. The following steps were employed in the proposed method:

Step 1: Confirm the decision-making problem. A clear research goal should be established, that is, the ultimate goal of the first level of the hierarchy, and the problem should be expanded extensively to include all possible factors.

Step 2: List the evaluation criteria related to the problem. Collecting all relevant literature for discussion, combined with the opinions of experts and scholars, the evaluation criteria related to decision-making problems are listed.

Step 3: Establish a level structure. After listing the relevant evaluation criteria, researchers can build a hierarchy chart to systematize the problem. Each level needs to be related to the previous level. Since it is necessary to compare pairs of two, it is more appropriate to use less than seven evaluation criteria for each level. This way, it is less easy to make people misjudge, and they can get a correct consistency test. Assuming that there are n elements in this hierarchy, a pairwise comparison of n (n-1)/2 is required.

Step 4: Design questionnaires and conduct surveys. According to the above-listed evaluation criteria, the questionnaire is designed according to the pairwise comparison, so there is a 1~9 evaluation scale for respondents to fill in to determine the relative importance of elements at each level.

Step 5: Establish a pairwise comparison matrix. Establish a pairwise comparison matrix based on the results of the questionnaire. This matrix is a positive reciprocal matrix, so its values are 1/9, 1/8, 1/7, 1/6, 1/5, 1/4, 1/3, 1/2, 1, 2, 3, 4, 5, 6, 7, 8, and 9. In Eq. (1), M is a pairwise comparison matrix, when n evaluation criteria are compared in pairs, the diagonal from the upper left corner to the lower right corner of matrix M is measured by 1 because it is compared with itself. In addition, the upper right triangle region of matrix M will have a reciprocal relationship with the lower left triangle region of matrix M.
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where aji=1/aji,aij>0,∀i,j,i,j=1,2,...,n.

Step 6: Calculate eigenvalues and eigenvectors. After calculating the pairwise comparison matrix, the characteristic vector can be obtained by using the eigenvalues in the numerical analysis to obtain the weight of the evaluation criteria between each level, and then find the maximum eigenvalue according to this eigenvector. When the matrix M is multiplied by the vector formed by each weighting, w = (w1, w2,..., wn)T, we can obtain Eq. (2).
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Saaty suggested using the maximum eigenvalue, λmax=1n(w1w1+w2w2+...+wnwn), the solution of matrix M to replace n, then Eq. (3).
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Step 7: Verification of consistency. Since the respondent’s answer logic may not be entirely consistent when comparing the questionnaire in pairs, it is necessary to verify the consistency index (C.I.) value, as shown the Eq. (4). When the C.I .= 0, the judgment of the answerer’s logic is entirely consistent. When C.I .> 0, the logic of the answerer is inconsistent; when C.I .< 0.1, the degree of inconsistency of this matrix is within an allowable range.

[image: ]

After calculating the C.I. value, the consistency ratio (C.R.) value as shown the Eq. (5) is used to detect whether the pairwise comparison matrix has reached a certain level. Generally, it is acceptable when C.R. is less than 0.1.
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Step 8: Calculate the weight of the overall level structure. After the weight between the elements of each level is calculated, the weight of the overall hierarchy needs to be calculated to obtain the final plan’s evaluation value and the most suitable plan for the final goal.

Step 9: Collect objective AIS data. This study uses AIS to collect the actual vessel traffic flow of the Kaohsiung port, as shown in Table 1.

Table 1 shows the wharves, present vessel traffic flows, future vessel traffic flows, and ratings for the first fairway, the second fairway, and the 7th Container Centre in the Kaohsiung port. The wharves #1~#58 are on the first fairway. The alternative A1 (Penglai Commercial Harbour) is on the first fairway (see Figure 1). The present vessel traffic flow of the first fairway is 10,457 vessels per year. The wharves #59~#122 are on the second fairway. The alternative A2 (The 6th Container Centre) is on the second fairway. The present vessel traffic flow of the second fairway is 10,762 vessels per year. The present vessel traffic for the wharves #79, #80, and #81 of the second fairway is 962 vessels per year. The present vessel traffic for the wharves #115, #116, and #117 of the second fairway is 1,159 vessels per year. The traffic for the other wharves of the second fairway is 8,641 vessels per year. The present vessel traffic for the 7th Container Centre under construction is zero. The vessel traffic of the wharves #79, #80, #81, #115, #116, and #117 will shift to the 7th Container Centre after finishing construction of the 7th Container Centre. Thus, the future vessel traffic for the 7th Container Centre will be 2,121 vessels yearly. As noted above, we can obtain the future vessel traffic flows for the Penglai Commercial Harbour (A1), the 6th Container Centre (A2), and the 7th Container Centre (A3) are 10,457, 8,641, and 2,121vessels per year, respectively.

Step 10: Integrating objective AIS data and subjective AHP ratings. This paper applied the integrated qualitative and quantitative methodology proposed by Chou (2010b) to integrate subjective AHP ratings and objective AIS data when selecting an appropriate berth location for MASS. The formula for integrating subjective ratings and objective data is listed as the following Eq. (6) and Eq. (7).

[image: ]

where maxA{ R∘ijA }≥0, RijA denotes the transformed rating of objective benefit RᵒijA for alternative A under criteria i and sub-criteria j. RijA becomes larger when the objective benefit RᵒijA is larger.

[image: ]

where maxA{ R∘ijA }≥0, RijA denotes the transformed rating of objective cost RᵒijA for alternative A under criteria i and sub-criteria j. RijA becomes smaller when the objective cost RᵒijA is larger.

The heavy traffic flow has a negative impact on navigational safety when selecting the berth location of MASS. Therefore, this study applied Eq. (7) to integrate subjective AHP ratings and objective AIS data. We used the actual AIS data of the Kaohsiung port to illustrate the integration process as follows. According to Eq. (7), we can obtain the ratings for the future vessel traffic shown in Table 1.
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(1) The Penglai Commercial Harbour (A1):
2,121 ÷ 10,457 × 10 = 2.0283;

(2) The 6th Container Centre (A2):
2,121 ÷ 8,641 × 10 = 2.4545;

(3) The 7th Container Centre (A3):
2,121 ÷ 2,121 × 10 = 10.

Finally, the ratings for future vessel traffic flows in Table 1 are added to the AHP procedure, and then we can obtain the final results in Table 4. It is the integrated AIS and AHP method.

5. EMPIRICAL STUDY

5.1 QUESTIONNAIRE DESIGN

An AHP questionnaire was designed to select the berth location for MASS moored at the port of Kaohsiung. The factors affecting the selection of a ship’s berth location were consolidated and summarized according to the literature content and the practical experience of interviewed experts. A hierarchical chart is shown in Figure 2.

There are three major aspects and nine evaluation criteria in the AHP questionnaire. The first aspect is the ‘harbour (C1).’ “The traffic density of the fairway (C11)” affects the MASS ship to enter the port and berth safely. “The length and depth of the wharf (C12)” affect the berth choice. “The type of cargo loaded on board (C13)” affects the loading/unloading equipment choice and berth choice. The second aspect is the ‘terminal (C2).’ “The hinterland of the terminal (C21)” affects the loading/unloading operations and berth choice of MASS. “The degree of automation of the container terminal (C22)” also affects berth choice and operation efficiency of MASS. “The compatibility of current traditional and future intelligent mooring equipment for MASS (C23)” affects the berth choice. The third aspect is the ‘economy (C3).’ The economic aspect includes “the container transportation cost (C31),” “construction costs of an intelligent terminal (C32),” and the “economic benefit from MASS (C33).”
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The questionnaire listed three alternatives regarding the MASS berth location choice. The three alternatives were from preliminary expert interviews based on the abovementioned aspects, including the harbour, terminal, and economic aspects. The three alternatives are the “Penglai Commercial Harbour (A1),” “the 6th Container Centre (A2),” and “the 7th Container Centre (A3).” Table 2 shows a detailed description of each criterion.

5.2 RESULTS ANALYSIS

Firstly, the questionnaire pre-test was carried out. The respondents included four groups: navigators (pilots and crews), terminal operators, port authorities, and scholars. According to the pre-test results, we revised the questionnaire. Then the revised questionnaire was distributed and collected. A total of 31 valid questionnaires were collected. The background of the respondents is shown in Table 3. Roughly 84% of the respondents were men, and roughly 16% were women. Around one-half of the respondents were in the 50–65 age group. In terms of the level of education, roughly one-half of the respondents held university degrees, and holders of bachelor’s and master’s degrees together accounted for about 77%. Regarding working experience, persons with more than 20 years of working experience accounted for about 51% of all respondents. As for the respondent’ professional backgrounds, navigators accounted for about 39%, terminal operators for about 26%, port authorities for about 26%, and scholars for 10% of all respondents.
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This study used the Expert Choice 11.0 software to calculate and analyse the collected questionnaires. Table 4 shows the analysis results.

(1) In the three principal aspects, the weight for the ‘harbour’ aspect is 0.536, which is the most important, followed by the weight for the ‘economy’ aspect 0.271 and the weight for the ‘terminal’ weight 0.193.

(2) In the evaluation criteria tier under the ‘harbour’ aspect, the weight for “the length and depth of the wharf” is 0.438, which is the most critical criteria, followed by “the traffic density of the fairway” (0.392), and “the type of cargo loaded on board” (0.170). In the evaluation criteria under the ‘terminal’ aspect, the weight for “the compatibility of current traditional and future intelligent mooring equipment” is 0.494, which is the most critical evaluation, followed by “the degree of automation at the terminal” (0.322), and “the hinterland of the terminal” (0.185). In the evaluation criteria under the ‘economic’ aspect, the weight for “the economy benefits from MASS” is the most important (0.360), followed by “the container transportation costs” (0.338) and “the construction cost of intelligent terminals” (0.302).

(3) After calculating the overall level weight, we can obtain the overall weights for each evaluation criterion as follows. “The length and depth of wharf ” is the most important, and “the overall level weight” is 0.235, followed by “the traffic density of fairway” (0.210) and “the economic benefits from MASS” (0.098). The others are “the compatibility of current traditional and future intelligent mooring equipment” (0.095), “the container transportation cost” (0.092), “the type of cargo loaded on board” (0.091), “the construction costs of intelligent terminal” (0.082), “the degree of automation at terminal” (0.062). The least important one is “the hinterland of the terminal” (0.035).

(4) Finally, the respondents gave scores for the three alternatives (the highest is 10 points, and the minimum is 1 point). The respondents gave the score for “the 7th Container Centre” 8.44 points, the highest one. “The 6th Container Centre” followed it with a score of 6.29 points, and “the Penglai Commercial Harbour” with a score of 4.57. That means “the 7th Container Centre” is the most suitable for the berthing of MASS. On the other hand, we can also obtain the scores 8.03, 7.23, and 5.24 for “the 7th Container Centre,” “the 6th Container Centre,” and “the Penglai Commercial Harbour” by using only the AHP without integrating the AIS method.
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5.3 DISCUSSIONS

After analysing the results of the questionnaire, it is found that the ‘harbour’ aspect is the most important one, followed by the ‘economy’ aspect and the ‘terminal’ aspect. In terms of the criteria, “the length and depth of the wharf” are the most important criteria, followed by “the traffic density of the fairway”, “the economic benefits from MASS”, “the compatibility of current and future berthing equipment”, and “the container transportation costs”. According to the questionnaire survey results, “the 7th Container Centre” is considered the most suitable berth for MASS, followed by “the 6th Container Centre” and “the Penglai Commercial Harbour”.

“The length and depth of the wharf” are the most critical factors because a MASS needs to avoid grounding while berthing. “The traffic density of the fairway” is the second important factor because it is also crucial for a MASS to avoid collisions with other merchant ships while entering/exiting a port. A high traffic density of fairways is very dangerous for a MASS to enter/exit a port. “The compatibility of the current and future berthing equipment” is also essential while selecting a berth location for MASS. Choosing a MASS berth location with poor compatibility of the current and future berthing equipment is not wise. So that it is challenging to build a berth for MASS, and it will spend much money and time. In addition, the related costs or benefits after the berth location choice for MASS, e.g., “container transportation costs” and “construction costs of an intelligent terminal,” and “the benefits from MASS” are also essential factors when selecting an appropriate berth location.

The potential reasons why “the 7th Container Centre” is considered the most suitable berth for MASS are that it has enough depth and length and a low traffic density of fairway. In addition, “the 7th Container Centre” is a new one. It has no compatibility problem of combing the current and future berthing equipment. The second appropriate alternative is “the 6th Container Centre” which has enough depth and length and semi-automation loading/unloading equipment at the container yard. However, it has a high traffic density of fairway and a compatibility problem of combing current and future berthing equipment. The last alternative is “the Penglai Commercial Harbour.” Although the depth and length of the wharf are middle, it has a high traffic density of fairway, a compatibility problem of current and future berthing equipment, and low-automation loading/unloading equipment at the terminal.

This study also compared the results for the subjective AHP method to those for the integrated subjective AHP and objective AIS method. Interestingly, it is noted that the score (4.57 points) for “the Penglai Commercial Harbour” by the integrated subjective AHP and objective AIS method is smaller than that (5.24 points) by the subjective AHP method. The score (6.29 points) for “the 6th Container Centre” by the integrated subjective AHP and objective AIS method is smaller than that (7.23 points) by the subjective AHP method. The score (8.44 points) for “the 7th Container Centre” by the integrated subjective AHP and objective AIS method is larger than that (8.03 points) by the subjective AHP method. It is the difference between the subjective method and the integrated objective/subjective method. Additionally, in the AHP questionnaire procedure, some respondents subjectively filled out the questionnaire in terms of “the traffic density of fairway (C11)” as “5”, “7”, and “8” points for alternatives A1, A2, and A3, respectively. The difference between the values “5”, “7”, and “8” is slight. However, the actual vessel traffic density of the fairway for A1, A2, and A3 is 10,458, 8,641, and 2,121, respectively. The differences between the actual data, 10,458, 8,641, and 2,121 are significant. Therefore, the objective data (10,458, 8,641, and 2,121) are more appropriate and objective than subjective ratings (“5”, “7”, “8”) in the decision-making procedure for MASS berth location selection. This study collected objective vessel traffic density data (10,458, 8,641, and 2,121) using the AIS equipment. It is the implications of differences between subjective AHP-only and objective/subjective AHP&AIS results.

6. CONCLUSIONS AND RECOMMENDATIONS

6.1 CONCLUSIONS

Although MASS merchant ships are not yet common, the IMO has begun to issue regulations related to MASS. It is the future trend for ports to accommodate MASS. Therefore, this study used the integrated subjective AHP and objective AIS method to explore the problem of MASS’s berth location choice at the Kaohsiung Port in response to the future trend in advance. The research conclusions are as follows:

(1) After a comprehensive analysis of the questionnaire survey results, it is found that among the three principal aspects, the weight score of the ‘harbour’ aspect is the highest, followed by the ‘economy’ aspect, and finally, the ‘terminal’ aspect. Regarding the ‘harbour’ aspect, “the length and depth of the wharf” are the most important. In the ‘terminal’ aspect, “the compatibility of the current and future berthing equipment” is the most important. In terms of the ‘economy’ aspect, “the economic benefits from MASS” are the most important. Regarding the overall weighting of the nine evaluation criteria, “the length and depth of the harbour” are the most important, followed by “the traffic density of the fairway,” “the economic benefits from MASS,” and “the compatibility of the current and future berthing equipment.” “The hinterland of the terminal” is the least important.

(2) The development of MASS is more prevalent in European countries. It is found that most European MASS sail in waters with low ship traffic density. The kind of low ship traffic density waters is relatively spacious, and fewer ships enter and exit. It reduces the collision and crisis management problems of MASS in the port. This phenomenon is consistent with the findings of this study, which show that “the traffic density of the fairway” is the second most important factor among all evaluation criteria.

(3) In previous literature, it is also found that many foreign countries have developed and tested the automatic mooring system for MASS while developing MASS. It is consistent with this study’s findings, which show that “the compatibility of the current and future berthing equipment” is the fourth most crucial factor among all evaluation criteria.

(4) After analysing the questionnaire results, this study found that the critical factors considered differed depending on the respondents’ positions. For example, among the three principal aspects, most crew members and pilots pay more attention to ‘harbour’ aspect. Most terminal operators pay more attention to the ‘terminal’ aspect. The reason may be that the crews must pay more attention to how MASS can safely enter the port and moor well; the terminal operators pay more attention to the loading and unloading efficiency of MASS at a container terminal.

(5) After a comprehensive analysis of the questionnaire survey, “the 7th Container Centre” is the optimal location for the MASS berthing due to its advantages, including enough length and depth of wharf, lower traffic density of fairway, automatic loading/unloading operations at terminal, and no compatibility problem of the current and future berthing equipment.

(6) Compared to other methodologies, the AHP method is suitable for solving MCDM problems. However, one of its disadvantages is that sometimes the decision-making process of decision-maker needs to be more objective. Therefore, this study integrated objective AIS data into the AHP decision-making process. It is not only more objective but also more reasonable and acceptable to take account of both subjective and objective issues simultaneously while selecting berth location for MASS.

6.2 RECOMMENDATIONS

The recommendations in this article are as follows:

(1) The Kaohsiung port has to plan a specific fairway and daily regular time window for MASS to enter/exit to avoid collisions with other traditional merchant ships with crews on board.

(2) “The 7th Container Centre” is far away from the city area. Thus, the road access problem should be solved as soon as possible.

(3) The Kaohsiung port has no regulations related to MASS. Thus, the port has to make regulations and laws related to MASS as soon as possible.

(4) Although the Kaohsiung port actively upgrades the information system every year, it has yet to have an overall information system of the intelligent port. Thus, it has to develop an overall information system of intelligent port, which can integrate all intelligent information sub-systems, e.g., intelligent berth allocation system, intelligent navigational system, intelligent VTS system, the real-time information system of sea and weather within the port, automatic loading/unloading/warehousing information system, monitor and control system, and traffic and transportation information system. In addition to the mentioned-above intelligent information systems, hardware facilities should be built as soon as possible, e.g., intelligent mooring equipment for MASS’s berthing.

(5) After developing the aforementioned intelligent information systems and hardware in the future, maintaining these information systems and hardware will be a problem, a challenge, and a business opportunity. Therefore, the port operators must adapt and be familiar with these new intelligent information systems and equipment. Training education is also an important issue.

(6) Developing an overall intelligent port will probably result in unemployment problems. Some harbour workers, seafarers, and operators at ports and terminals probably lose their jobs. The port and the government should be concerned about the unemployment problem resulting from the intelligent port and propose a solution in advance.

(7) Although this paper has integrated the AHP and AIS methodologies to select the berth location for MASS, the pairwise comparison between all criteria in the AHP method is a little complex. Thus, a simpler method with fewer comparison processes, such as the Best Worst Method proposed by Rezaei (2015), will be used in future studies.
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Table 3. The background of the respondents

Trem Sub-item Number of respondents Percentage
Gender Male 26 839%
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Over 61 7 26%
Total 31 1000%
Education ‘Senior high school 4 129%
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3140 8 258%
Total 31 1000%
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Scholar 3 7%
Total 31 100.0%






