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 المستخلص

تلقائيةة نقةل البيانةا  وةلةك نةي ظةل الثةورة الصةناعة تعُىز تكامل ال قنيا  الم قدمة والعمليا  ال ي تع مد على 

ا مةل ظهةورالرابعةو حيث أهم السةفن البحريةة  ية الاتصةالا  بةين السةفن والبنيةة ال ح يةة البحريةةو وخصوصة 

.يو د بعض الدراسا  الحالية ال ي تعمقه ني قوانين منل ال صةادم البحةري (MASS)  السطحية الذاتية الحر ة

(COLREG)  المتحة الذاتيةو وتقييم المخاطر للمتحة البحرية لةوسفن MASSليةل بعةض هةذه وو لحصر و تح

تم عمل مرا عة شاملة ونظامية للأدبيا  وتحليل ببليوم ري للدراسا  الأ اديميةة ال ةي ت نةاول منةل   والدراسا  

عامةة مةو ىة عةن  داخل البي ا  المتحية المخ لطةو تهدف هةذه المرا عةة إلةى تقةديم نظةرة  MASSال صادم  

وسةتمة المتحةة نةي البي ةا   MASS ديا  المرتبطة بةال قدم الذي تحقق ني البحو  الأ اديمية الم علقة بال ح

المتحية المخ لطة. باس خدام مقاييم وأدوا  تحليل لفهم مواضةيل البحةو  الأ اديميةةو وال حةديا  الأساسةيةو 

و بما ني ةلك الكلمةا  الرئيسةية نةي قاعةدة بيانةا  (PRISMA)  والاتجاها  ني هذا المجال. عن طريق اس خدام

SCOPUS  الأبحا  الم علقة ش أل الصين والنرويش وبولندا و وريا الجنوبية هي الدول الرائدة ني الن ائ  . أظهر

 ومجلةة Ocean Engineering و اس ناد ا إلى العدد المُرْوَّ  للمؤلفين. بالإضانة إلى ةلكو ظهر  مجلةبالموضوع

IFAC-Papers Online الأدبيةا  المحللةةو تةم تحديةد   ربرز المجت  للمنشورا  ني هذا الموضوع. من خةتل

 .  المس قبليةبعض المق رحا  للبحو

 

ABSTRACT: 

The integration of advanced technologies, data-driven processes, and automation under the 

Industry 4.0 revolution is fostering increased connectivity among ships and maritime 

infrastructures, particularly with the emergence of Maritime Autonomous Surface Ships (MASS) 

and the imperative for safe navigation. Despite existing studies delving into collision regulations 

(COLREG), autonomous navigation, and risk assessment for MASS navigation, a comprehensive 

systematic literature review and bibliometric analysis of academic research studies addressing 

collision avoidance in the context of MASS within mixed navigational environments has, to our 

knowledge, not been undertaken. This review aims to provide a concise overview of academic 

research advancements concerning the challenges associated with MASS and the safety of 

navigation in mixed navigational environments. To achieve this objective, we conducted a 

bibliometric analysis of pertinent studies, utilizing metrics and analysis tools to discern academic 
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research topics, primary challenges, and directions in this domain. Our approach adhered to the 

principles outlined in the Preferred Reporting Items for Systematic Reviews and Meta-Analysis 

(PRISMA) for systematic literature reviews, incorporating tailored keywords in a Scopus search. 

The results revealed that China, Norway, Poland, and South Korea are the leading countries in 

MASS collision avoidance, based on the weighted number of authors. Additionally, Ocean 

Engineering and the Journal of IFAC-Papers Online emerged as the principal journals for 

publications on this topic. Through the analyzed literature, specific challenges were identified, 

paving the way for suggested avenues for future research. 

Keywords: MASS, Collision Avoidance, Autonomous Navigation, Bibliometric Analysis, 

PRISMA  

2- INTRODUCTION 

Continuous technological innovation continues to enhance various facets of human existence. The 

advent of the Fourth Industrial Revolution (Industry 4.0) has notably strengthened the connectivity 

among ships, onboard systems, and associated infrastructure (Issa et al., 2022). Within the 

maritime industry, there is a discernible trend toward incorporating smart systems, particularly in 

safety-critical areas where artificially intelligent agents are poised to manage collision avoidance 

and grounding prevention autonomously (Jadhav et al., 2023a). This shift yields several 

advantages, including enhanced control over the functioning of marine systems, improved 

precision in monitoring their health, and more effective collaboration between ship and shore 

personnel. Moreover, it facilitates compliance with emission regulations and propels maritime 

operations towards greater automation, potentially involving crewless ships (Issa et al., 2022). 

Despite the ongoing emphasis on Maritime Education and Training and the enhancement of sensor 

capabilities, groundings and collisions continue to account for a significant proportion of marine 

accidents. In many instances, collisions result from human errors, leading to consequences ranging 

from moderate to severe and exerting a substantial impact on both the marine environment and life 

at sea (Martelli et al., 2023). Research indicates that human error remains a prominent factor in 

such incidents. Consequently, the maritime industry consistently explores novel autonomy 

approaches to address and mitigate this persisting issue (Jadhav et al., 2023b).  

MASS have garnered substantial attention in recent years, primarily due to their appealing 

economic advantages and the potential to enhance safety. A key feature of MASS lies in its ability 

to leverage perception information, thereby replacing Officers on Watch (OOW) and enabling the 

implementation of varied navigation decisions through expert and intelligent systems (Wang et al., 

2022). The introduction of unmanned or minimally manned autonomous ships contributes to 

reducing the exposure of individuals to risks at sea. Even in cases where autonomous navigation 

does not directly decrease the number of accidents, it signifies an enhancement in overall safety at 

sea (de Vos et al., 2021). Moreover, researchers tackle different aspects of research regarding 

collision avoidance for instance, (C.-C. Chou et al., 2022) presented an innovative model for 

objectively and quantitatively forecasting navigational risks associated with MASS. In a 



 

 

 95 

complementary vein, (Li, 2023) developed a decision-making model tailored for collision 

avoidance (CA) involving numerous target ships (TSs). This model is grounded in the principles of 

ship collision avoidance geometry and the distinctive characteristics of collision avoidance among 

multiple target ships at sea. Meanwhile, (Liu et al., 2023) conducted a comprehensive review of 

current research on scene generation methods, with a specific focus on testing ship collision 

avoidance. The analysis encompasses simulation methods for collision avoidance models and 

algorithms, drawing insights from both domestic and international research. Furthermore, (Huang 

and van Gelder, 2020) provided an extensive overview of collision prevention techniques, 

centering on the fundamental processes of determining evasive solutions, namely motion 

prediction, conflict detection, and conflict resolution. On a different note, (Zhao and Roh, 2019) 

proposed an efficient method to address multi-ship collision avoidance challenges using the Deep 

Reinforcement Learning (DRL) algorithm. This method directly maps encountered ship states to 

an own ship's steering commands in terms of rudder angle using the Deep Neural Network (DNN). 

Lastly, (Wu et al., 2019) introduced a fuzzy logic-based approach for ship-bridge collision alerts, 

considering ship particulars, bridge parameters, and the natural environment. 

(Zhou et al., 2024) presented a method for parametric modeling of encounter scenarios for ship 

avoidance testing in inland waterways, which is employed to automatically generate inland 

waterway ship encounter scenarios. (Guan et al., 2024) proposed an intelligent navigation 

approach leveraging PRM (Probabilistic Roadmap) and PPO (Proximal Policy Optimization) 

algorithms to enhance autonomous navigation and decision-making for collision avoidance in 

(MASS). (Cui et al., 2024) delved into the interactive collision avoidance challenges arising in 

mixed navigation scenarios involving both autonomous and manned ships, with the objective of 

ensuring efficient collision avoidance and safe navigation. The authors advocated for a multi-agent 

interactive ship dynamic game collision avoidance decision-making method. Within this 

framework, dynamic game theory is employed to portray individual ships as participants with 

independent decision-making capabilities, with course alterations representing strategic actions 

aimed at optimizing safety and socio-economic considerations. (Wang et al., 2024) examined a 

collision avoidance system tailored for autonomous ships navigating through intricate encounter 

scenarios, such as congested ports. This system integrates various sensors for object detection and 

environmental perception. To assist autonomous ships in handling complex and dynamic 

scenarios, a collision map is generated to depict encounter scenarios, serving as input for a deep 

reinforcement learning (DRL) model. 

These studies aimed at understanding the general MASS collision avoidance challenges in mixed 

environments, researchers strived to solve different challenges using different techniques and 

algorithms. Risk assessment models have been proposed, as decision-making systems, fuzzy logic 

algorithms, and reinforcing deep learning techniques like artificial neural networks. None of the 

currently available review studies implemented a comprehensive analysis and a thorough 

bibliometric analysis of the research studies published on the topic of MASS Collision Avoidance. 

There is a need for a review that would offer a succinct description of the progress in the rising 
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topic of collision avoidance, summarize the current state of knowledge with a focus on the 

scientific methods, and distill the findings provided in the various research papers with a focus on 

the future research and known methodological challenges. The aim of this review is therefore to 

attempt to answer the following Research Questions (RQs) related to MASS collision avoidance 

research: 

  

RQ1:  What are the primary countries, authors, cluster topics, and relevant journals based on 

scientific publications’ bibliometric analysis? 

 

RQ2: What methodological challenges are reported in these studies and what future research 

directions do they lead to? 

The RQ1 aims at identifying the achieved progress in the topic of autonomous ship navigation in 

different countries, journals, and established networks of cooperation, RQ2 at the known 

challenges and potential future research in the area. In this way, a brief description of the progress 

in collision avoidance of MASS in mixed navigation challenges and future research directions can 

be realized which is of great support for novel and experienced researchers in the field. 

This paper is structured as follows. First, the literature review and bibliometric analysis 

methodology are presented. Then the investigated research questions are answered using the 

presented methodology. The paper’s limitations are also provided. Finally, we summarize the main 

review findings in the conclusions section. 

 

3- METHODOLOGY 

The review methodology employed in this article adhered to the Preferred Reporting Items for 

Systematic Reviews and Meta-Analysis (PRISMA) (Liberati et al., 2009), a structured approach 

for conducting systematic literature reviews. While there are various techniques available for 

literature reviews, we chose PRISMA due to its widespread use, systematic nature, and user-

friendly methodology. In this study, we tailored the PRISMA methodology to address the research 

questions outlined in the introduction section. The information flow, guided by the PRISMA 

methodology, is depicted in Figure 1, with detailed steps elucidated in the subsequent sections. 

The same figure also provides information on the number of identified publications and the final 

selection process. 
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Figure 1: The flow of information through the different phases of systematic literature 

review. (numbers as of Dec 2023) 

Step 1: Identification of research studies  

Scopus is used as search engine to find relevant studies. Google Scholar was not used because the 

results it provided included many publications of low quality, ones that weren't peer-reviewed or 

were intended for a broader audience rather than an academic one, which is what we were 

specifically looking for. This decision was made to ensure the focus on scholarly and peer-

reviewed sources in our research. Also, identification for the relevant publications in a series of 

journal publishers is not conducted as the returned results were overwhelmingly large in number 

including many irrelevant publications, Therefore, by using Scopus we ensured broader coverage. 

By using the term “Autonomous ships” 4582 entries were received in response, For the 

identification process generic keywords as below were used as a topic filter for the main keyword: 

1. Collision avoidance 

2. Autonomous navigation 

3. MASS 
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Autonomous ships are used as a keyword in combination with other keywords during identification 

as the observant results, although largely similar, included some additional valuable references. 

Also, it was noticed that the first two keywords collision avoidance and autonomous navigation 

contributed to the identification of the most research studies that were included in this analysis, So, 

when the additional keyword MASS was used, a significant number of additional studies was 

identified. However, very few research studies were additionally included for the collision of 

MASS in a mixed navigation environment, considering these similar search results, we did not 

perform research in Scopus for additional keywords that could be additionally considered.  

Step 2: Screening of research studies  

The screening process aimed to narrow down the number of identified publications for a more in-

depth analysis of the most pertinent ones. This involved reviewing the title, abstract, and if needed, 

a brief overview of the content. The focus was on determining if the research study investigated 

Collision avoidance of MASS with manned vessels in mixed navigation environments. 

Additionally, duplicate references were identified and removed during this step. Books were 

intentionally excluded from the analysis due to their tendency to provide review opinions, limited 

accessibility, and heavy reliance on findings from previously published conference papers and 

journal articles. To facilitate further filtration and data analysis using bibliometric methods, the 

search results were exported to a CSV file. Following the screening, a significant number of 

initially identified research studies were excluded. Unfortunately, a few relevant studies were 

inaccessible and had to be excluded as well. 

Step 3: Suitability assessment of research studies  

In evaluating research studies for suitability, Thorough analysis to the screened studies is 

conducted and the most fitting ones are chosen for further examination. specific criteria are 

determined for this, considering where the study was published (whether it was in a reputable 

journal), the importance of its content (like practical implications and if it showed innovative 

results), and the reliability of its research methods and results (checking for a meaningful and 

logical approach and conclusions). To assess journal publications, Scimago's journal ranking is 

used, and only a few Scopus-indexed journal publications were excluded to ensure we focused on 

high-quality research. Conference papers were not excluded altogether, as valuable contributions 

are found in the review. For assessing conference papers, the same criteria are applied. In this step, 

most of the screened research studies is considered in the analysis to gather diverse perspectives 

and have enough material to answer our research questions and conduct bibliometric analysis. 

Step 4: Included research studies analysis  

In the final stage, Bibliometric analysis for the chosen and qualified studies is employed. These 

particular research studies were exclusively utilized to address the research questions, and the 

detailed analysis process is outlined in the following sections. 

To assess the impact of each country, specific scores/metrics in our analysis of the included 

research studies are utilized. These metrics encompassed the total number of authors included 

across all papers, weighted by the overall publication count of the 48 publications. In this analysis, 



 

 

 99 

if an author from a particular country contributed to multiple papers (x times), their contribution 

was considered x times. The affiliation of each author at the time of publishing, as indicated in the 

paper, was considered for the analysis, not their actual nationality. In cases of double affiliation, 

only the first affiliation is counted. Microsoft Excel facilitated this analysis. Additionally, we 

explored the most prevalent journals covering topics related to MASS collision avoidance, using 

the number of published articles as a metric, without considering citation counts. Our analysis 

focused on Scopus-indexed references and top journals, aligned with the Scimago ranking used for 

eligibility assessment. We employed bibliometric analysis using the open-source software VOS 

viewer for keywords and term analyses. 

For term analysis, we employed the full counting method, which tallies the occurrences of a term 

in the articles and accord more weight to frequently mentioned keywords. 

This marks the final, so far significant, contribution of this article. The identification of challenges 

involved a thorough examination of the introduction, methodology rationale, and 

limitations/discussion sections within the inspected publications. To pinpoint directions for future 

research, the selected studies are analyzed, with particular attention to the discussion, conclusions, 

and future research sections. 

 

5- Results and Discussion 

Figure 2 presents the leading research countries based on the considered metrics, specifically the 

total weighted number of authors. The legends for the top 10 countries are also provided within the 

same figure. Notably, countries such as China, Norway, Poland, and South Korea emerge as the 

primary contributors, as indicated by the metric of the total weighted number of authors in the 

selected papers. Among the top 10 identified countries, the first four, comprising China, Norway, 

Poland, and South Korea, account for the majority of contributions to research in MASS collision 

avoidance, representing 60% of the selected Scopus-indexed publications. This distribution closely 

aligns with the Pareto principle, suggesting that a substantial portion of the final output (60%) is 

derived from a smaller percentage of the total input (30%) involving these four countries 

(Wicksteed and Pareto, 1906). Additionally, it is noteworthy that the majority of researchers 

referenced, consistently publishing in Scopus-indexed sources, are situated in Europe, with the 

exception of China and South Korea. 
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Figure 2: The total weighted number of authors for top countries. 

Table 1 shows the top authors with their affiliations and their number of publications. it is noted 

that China and specially Wuhan University has the top authors publishing in the Topic of MASS 

collision avoidance which support the finding of the top countries. Moreover, it has been appeared 

from the number of publications that this topic is a new arising topic under development and needs 

more attention in the research field. 

 

Table 1: Top Authors with their affiliations 

Author Affiliation 
Number of 

publications 

Guedes Soares C. Universidade de Lisboa, Lisbon, Portugal 3 

Lazarowska A. Gdynia Maritime University, Poland 3 

Perera L.P. University of Lisbon, Portugal 3 

Arshad M.R. Universiti Sains Malaysia (USM), Malaysia 2 

Chen P. Wuhan University of Technology, China 2 

Chu X. Wuhan University of Technology, China 2 

Cristofaro A. University of Camerino, Italy 2 

Perez T. Queensland University of Technology, Australia 2 

Mei J.H. Hebei University, China 2 

Zaccone R. Polytechnic School of Genoa University, Italy 2 

 

47

24

22
12

10

10

7

7

7

5
5

4
4 4 3 3 2

China

Norway

Poland

South korea

United
Kingdom
Netherlands

Italy

portugal

Japan

Finland



 

 

 101 

Figure 3 presents the most prevalent journals based on the number of selected Scopus-indexed 

publications focusing on MASS collision avoidance. Notably, Ocean Engineering emerged as the 

primary journal accommodating a significant number of articles considered in this review. 

Following closely is the Journal of IFAC-Papers Online, while several other journals, including 

WMU Journal of Maritime Affairs, Safety Science, and Sustainability (Switzerland), also reported 

publications on MASS collision avoidance. The figure underscores that authors exhibit a 

preference for publishing across a diverse array of journals, possibly indicative of the absence of 

highly specialized journals dedicated to MASS. Given the novelty of the topic, such diversity in 

journal selection should not come as a surprise. 

 

 
Figure 3: The journals with the most articles related to MASS collision Avoidance 

Figure 4 and Figure 5 display the outcomes of the bibliometric analysis conducted using 

VOSviewer. These figures illustrate the results of the co-occurrence of terms analysis and Author 

Keywords Analysis, respectively. The full counting method, as opposed to the binary counting 

method, was employed to assign greater weight to keywords occurring more frequently. In the first 

analysis, a total of 1296 keywords were identified, and subsequent filtration resulted in the 

selection of 26 keywords, each with a minimum of 7 occurrences. For Author Keyword analysis, 

155 words were identified, and after filtration, 17 keywords were chosen, each with at least 2 

occurrences. The term analysis reveals connections between terms (keywords) that commonly 

occur together. In addition to evident terms such as "autonomous ship," "MASS," and "collision 

avoidance," other frequently appearing terms encompass "algorithm," "path planning," "decision 

support," "hazard," "risk," "situation awareness," "cybersecurity," and "reliability." A closer 

examination of the keyword analysis suggests that researchers frequently deliberated on 

methodology, approaches, and risk assessment. There is a notable emphasis on addressing issues 

related to uncertainty, risk evaluation, situation awareness, and the applicability of different 

methods. 
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Figure 4: Term analysis map using full counting method, including 26 out of 1296 keywords. 

 

 

 
Figure 5: Author Keywords analysis using full counting method, including 17 out of 155 

keywords. 
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Future Research Recommendations 

Based on the investigated papers several challenges and research directions and topics were 

identified. (Papageorgiou et al., 2022) determined 2 considerations into the current scheme of 

research related to MASS collision avoidance which are: the overall maneuverability capabilities 

of a target, and the maneuverability restrictions imposed by the geographical properties of the area 

surrounding the target vessel. (Huang et al., 2020) claimed that the boundaries of the predicted 

trajectories need further studies, better risk assessment methods are expected and Collision 

resolution needs more studies in safety validations and extreme conditions for different methods.  

(C. C. Chou et al., 2022) proposed that in order to reduce efficiently the navigational risk of 

MASS, future researches must integrate efficiently the path planning algorithms, data sensors, 

navigational equipment on board and the whole COLREGs. 

5- Conclusion 

This article conducts a systematic literature review and bibliometric analysis of research studies in 

Scopus related to MASS collision avoidance. The bibliometric analysis aids in identifying leading 

countries, prevalent journals, and researchers (RQ1). Additionally, an examination of the analyzed 

papers reveals research challenges and sets directions for future research (RQ2). Consequently, the 

article succinctly summarizes advancements in MASS collision avoidance through academic 

publications. Key findings include: 

• China, Norway, Poland, and South Korea demonstrate the highest contributions based on the 

number of Scopus-indexed publications, with Europe leading in authors with two or more 

articles. 

• Ocean Engineering and the Journal of IFAC-Papers Online boast the highest publication 

numbers. 

• The annual scientific publications on MASS collision avoidance exhibit a consistent upward 

trend, accompanied by an increase in research topics' diversity and employed methodologies 

since 2019. 

• Several research directions have been identified. 

The results from the bibliometric analysis offer valuable insights for policymakers, shedding light 

on research groups, collaborations, and the direction of research. This information can inform 

decisions regarding future investments in research. The identified research studies, methodological 

challenges, and proposed research directions serve as a foundation for conducting focused and 

innovative research in this domain. 

6- REFERENCES 

- Chou, C.-C., Wang, C.-N., Hsu, H.-P., 2022. A novel quantitative and qualitative model for 

forecasting the navigational risks of Maritime Autonomous Surface Ships. Ocean Engineering 

248. https://doi.org/10.1016/j.oceaneng.2022.110852 

- Cui, H., Zhang, X., Wang, J., Wang, C., Zheng, K., 2024. Dynamic game collision avoidance 

decision-making for autonomous and manned ships | 自 主 船 舶 与 有 人 驾 驶 船 舶动 态 博 



 

 

 104 

弈 避 碰 决 策. Chinese Journal of Ship Research 19, 238–247. 

https://doi.org/10.19693/j.issn.1673-3185.03305 

- de Vos, J., Hekkenberg, R.G., Valdez Banda, O.A., 2021. The Impact of Autonomous Ships on 

Safety at Sea – A Statistical Analysis. Reliab Eng Syst Saf 210. 

https://doi.org/10.1016/j.ress.2021.107558 

- Guan, W., Han, H., Cui, Z., 2024. Autonomous navigation of marine surface vessel in extreme 

encounter situation. Journal of Marine Science and Technology (Japan) 29, 167–180. 

https://doi.org/10.1007/s00773-023-00979-w 

- Huang, Y., Chen, L., Chen, P., Negenborn, R.R., van Gelder, P.H.A.J.M., 2020. Ship collision 

avoidance methods: State-of-the-art. Saf Sci 121, 451–473. 

https://doi.org/10.1016/J.SSCI.2019.09.018 

- Huang, Y., van Gelder, P.H.A.J.M., 2020. Collision risk measure for triggering evasive actions 

of maritime autonomous surface ships. Saf Sci 127. https://doi.org/10.1016/j.ssci.2020.104708 

- Issa, M., Ilinca, A., Ibrahim, H., Rizk, P., 2022. Maritime Autonomous Surface Ships: Problems 

and Challenges Facing the Regulatory Process. Sustainability (Switzerland) 14. 

https://doi.org/10.3390/su142315630 

- Jadhav, A.K., Pandi, A.R., Somayajula, A., 2023a. Collision avoidance for autonomous surface 

vessels using novel artificial potential fields. Ocean Engineering 288. 

https://doi.org/10.1016/j.oceaneng.2023.116011 

- Li, Q., 2023. A Research on Autonomous Collision Avoidance under the Constraint of 

COLREGs. Sustainability (Switzerland) 15. https://doi.org/10.3390/su15032446 

- Liberati, A., Altman, D.G., Tetzlaff, J., Mulrow, C., Gøtzsche, P.C., Ioannidis, J.P., Clarke, M., 

Devereaux, P.J., Kleijnen, J., Moher, D., 2009. The PRISMA statement for reporting systematic 

reviews and meta-analyses of studies that evaluate health care interventions: explanation and 

elaboration. J Clin Epidemiol 62, e1–e34. https://doi.org/10.1016/j.jclinepi.2009.06.006 

- Liu, D., Liu, J., Li, S., Yang, F., Yang, Z., 2023. Research Status and Technological Prospects of 

Scenario Generation Methods for Ship Collision Avoidance Tests, in: 7th IEEE International 

Conference on Transportation Information and Safety, ICTIS 2023. 

https://doi.org/10.1109/ICTIS60134.2023.10243996 

- Martelli, M., Žuškin, S., Zaccone, R., Rudan, I., 2023. A COLREGs-Compliant Decision 

Support Tool to Prevent Collisions at Sea. TransNav 17, 347–353. 

https://doi.org/10.12716/1001.17.02.11 

- Papageorgiou, D., Hansen, P.N., Dittmann, K., Blanke, M., 2022. Anticipation of ship 

behaviours in multi-vessel scenarios. Ocean Engineering 266, 112777. 

https://doi.org/10.1016/J.OCEANENG.2022.112777 

- Wang, C., Peng, Z., Wang, H., Liu, L., Wang, A., Wang, D., 2022. Safety-Critical Guidance of 

Maritime Autonomous Surface Ship for Automatic Docking Based on Control Barrier Functions, 

in: Chinese Control Conference, CCC. pp. 3335–3340. 

https://doi.org/10.23919/CCC55666.2022.9902787 



 

 

 105 

- Wang, Y., Xu, H., Feng, H., He, J., Yang, H., Li, F., Yang, Z., 2024. Deep reinforcement 

learning based collision avoidance system for autonomous ships. Ocean Engineering 292. 

https://doi.org/10.1016/j.oceaneng.2023.116527 

- Wicksteed, P.H., Pareto, 1906. Manuale di Economia Politica, con una Introduzione alla Scienza 

Sociale. The Economic Journal 16. https://doi.org/10.2307/2221479 

- Wu, B., Yip, T.L., Yan, X., Guedes Soares, C., 2019. Fuzzy logic based approach for ship-bridge 

collision alert system. Ocean Engineering 187. https://doi.org/10.1016/j.oceaneng.2019.106152 

- Zhao, L., Roh, M.-I., 2019. COLREGs-compliant multiship collision avoidance based on deep 

reinforcement learning. Ocean Engineering 191. https://doi.org/10.1016/j.oceaneng.2019.106436 

- Zhou, H.-M., Zheng, M., Chu, X.-M., Liu, C.-G., Zhong, C., 2024. Scenario modeling method 

for collision avoidance testing in inland waterway. Ocean Engineering 298. 

https://doi.org/10.1016/j.oceaneng.2024.117192 

 


