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Abstract 

 

The marine industry is under increasing pressure to optimize navigation routes for greater 

efficiency, lower fuel consumption, and more safety while adhering to international laws. To solve 

these problems, this study will investigate how an Intelligent Maritime Routing System (IMRS) 

can be integrated into Electronic Chart Display and Information Systems (ECDIS) to Optimizing 

Maritime Supply Chain Routes. This research paper is related to shifting from paper chart 

navigation to modern systems that deal with big data and real-time data analytics to optimize routes 

and its effects on global shipping logistics and supply chain management and its predicting of 

potential disruptions (weather changes, port congestion) in maritime logistics with impacts on 

operational planning. 

Using a mixed-methods approach, both primary and secondary data were obtained. A survey was 

conducted among marine operators who were switching from paper charts to digital navigation 

systems, and secondary data were acquired from relevant industry reports and databases. The 

analysis focuses on the technical, operational, and behavioral problems encountered throughout 

the transition, as well as the benefits of IMRS in terms of fuel efficiency, route planning, and 

compliance with International Maritime Organization (IMO) standards.  

The results show that IMRS improves weather prediction accuracy, decreases travel time, and 

helps to achieve sustainability goals by cutting carbon emissions. However, issues such as user 

trust, system complexity, and cybersecurity concerns persist. This study highlights the importance 

of user-friendly interfaces and strong cybersecurity measures in the deployment. 
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Introduction 
The maritime industry is backbone of the world trade and 80% of the world’s goods commerce is 

carried out by sea the maritime field has a vital role in shipping goods in the world (Vu et al., 

2024). The economic structure of the nations has become more related to the maritime transport 

sector and its power of import and export  with these nations are able to transfer resources and 

create more employment (“Green Port Strategies in Developed Coastal Countries as Useful 

Lessons for the Path of Sustainable Development: A case study in Vietnam | Nguyen | International 

Journal of Renewable Energy Development,” n.d.).In the early days of sailing people relied on the 

magnetic compass, celestial navigation, or just following the shoreline while underway. As 

technology evolves in the latest centuries these old navigation methods are no longer sufficient 

and are not able to respond to today’s demands for supply chain management and modern maritime 

operations. The integration of Intelligent Maritime Routing Systems (IMRS) into Electronic Chart 

Display and Information Systems (ECDIS) will have a significant role in improving and 

forwarding the industry and ensuring safe, efficient, and environmentally sustainable navigation. 

Even though autonomous ship technologies have advanced significantly there are still issues with 

how well they conform to current regulatory frameworks. The rapid evolution of autonomous 

systems contrasts with the slow pace of regulation-making processes which are usually marked by 

careful consideration of safety and operational implications (Negenborn et al., 2023). The 

International Maritime Organization (IMO) has introduced four autonomy levels to define the 

progressive integration of autonomous functionalities in ships Outcome of the regulatory scoping 

exercise for the use of maritime autonomous surface ships (MASS),” 2021). Prior to achieving 

autonomy levels 3 or 4  which entail a high degree of vessel autonomy, it is necessary to investigate 

the viability and practicality of deploying decision support systems for seafarers and occasionally 

unmanned bridges. These transitional phases provide worthwhile learning experiences. The 

knowledge acquired improves safety protocols and hones current and developing technologies in 

the move to completely autonomous shipping.  

Autonomous navigation, whilst constrained to making trajectory plans, entails determining a 

direction to follow from its contemporary position to its favored destination even as accounting 

for the deliver’s dynamics, environmental situations, safety necessities, economy, operational 

constraints, and each static and dynamic boundary. Static boundaries encompass elements together 

with land, shores, and depths, even as dynamic boundaries incorporate other vessels and floating 

gadgets encountered along the path. The trajectory-making plans process aims to attain the 

destination even as making sure Collision and Grounding Avoidance (CAGA) with boundaries and 

optimizing efficiency goals. Optimization techniques are vital for addressing the complexity of the 

making plans problem and figuring out the most fulfilling paths and maneuvers in actual time. 

diverse algorithms, together with, swiftly exploring Random bushes, artificial ability area, Genetic 

Algorithms, model Predictive control, and others, are significantly used for self-sufficient deliver 

trajectory making plans (Öztürk et al., 2022). An optimization approach is fundamental in 
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developing a choice-help machine for trajectory-making plans that offer operators more than one 

answer option. 

1. Literature review  
Autonomous shipping and navigation are creating a new sector for maritime and its operations 

with the potential of changing vessel and navigation procedures (Zhang et al., 2021). Machine 

learning is mainly for developing and learning autonomous systems where there is a minimum 

amount of human effort is used but keeping safety, efficiency, and maritime rules correctly (Durlik 

et al., 2023). Machine learning is important and used for ships to help them understand and analyze 

their environment correctly. These models are crucial for recognizing and categorizing objects in 

the way or sailing area of the ship by analyzing data that has been gathered from the ship’s 

equipment such data can be collected from radar, AIS, ECDIS, cameras, and other sensors that 

have been mounted onboard of the ship which can also help to get information and trajectory of 

other ships to avoid collisions (Glenn Wright, 2019).  

 

Figure 1. Visualization of keywords: “autonomous shipping” from Scopus webpage. 

On the 15th of October 2024. Minimum number of occurrences: 20. Source: own compilation 

These findings from sensors and equipment give real-time situation awareness to the system and 

will be able to help the intelligent system to make judgments and calculations regarding changing 

the ship’s trajectory making safe journey planning decisions and avoiding any objects or collisions 

underway. Overall, making shipping safer and gives aids the officers on board in encountering 

other problems on board of ship. Machine learning’s main purpose is to enable and improve 

a ship’s algorithmic decision-making by anticipating environmental changes in sea states, and 
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vessel behavior. The intelligent system can predict changes in weather patterns, sea currents, and 

upcoming tides, traffic patterns from previous data that have been collected, making predictions 

on based data to make modifications to the ship’s navigational route and help to improve fuel 

consumption and trip performance.  

This VosViewer (Jan van Eck and Waltman, 2023) bibliometric map (Figure 1.) visually represents 

the research landscape surrounding Maritime Autonomous Surface Ships, highlighting key themes, 

trends, and potential areas for future exploration. 

In 2024, the keywords "cyber security", "maritime autonomous surface" and "risk assessment" 

appear prominently, which indicates that nowadays security plays an increasingly important role 

in ship automation. This illustrates how ship autonomy and safety are becoming more important 

(see Figure 1). 

 

1.1. Autonomous navigation and shipping.  
Intelligent navigation systems and machine learning are not just limited to real-time navigation 

and making decisions to encompass a wide range of important assignments and capabilities. 

Intelligent routing systems enable to creation and design of better systems to handle with precision 

and efficiency rough marine situations that can happen during a ship’s trip (Szłapczyński and 

Ghaemi, 2020). The intelligent system can modify the ship’s routing equipment for steering such 

as rudder and thrusters by analyzing the data gathered from propulsion systems and environmental 

information. These changes can help the ship’s energy efficiency and reduce fuel consumption 

while the ship is sailing. The International Maritime Organization (IMO) has defined four 

autonomy degrees (AD) for maritime autonomous surface ships (MASS) provided in Table 1 

(“IMO takes first steps to address autonomous ships,” n.d.).  

Optimizing collision avoidance strategies for autonomous vessels is based on machine learning. 

Intelligent systems can predict potential collisions and dangers that can happen when the ship is 

sailing by analyzing data from vessel trajectories, traffic patterns, and collision risk factors(Xiao 

et al., 2022),(Li et al., 2023). Preventing any accidents and creating safe navigation using these 

algorithms provided by an intelligent system. These approaches created by autonomous systems 

can help to interact and avoid collisions that may happen due to other ships or objects on the course 

of the ship and ensure the safety and reliability of the overall trip. These precautions made by 

intelligent systems also prevent maritime collisions and make minimal negative impacts on the 

economy, environment, port congestion, maritime supply chain, and logistics. 

 

 

Autonomy Degree Description  
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AD 1 The ship is controlled by the autonomous system and may give decisions 

while seafarers are on board and may interact with the decisions. 

AD 2 The ship is controlled by the autonomous system from another place by 

the user but, there are seafarers on board of ship to interact at any time. 

AD 3 The ship is controlled by the autonomous system from another place by 

users but, there are no seafarers on board of ship to interact. 

AD 4 The ship is controlled by itself and able to make decisions to navigate. 
Table 1. Types of Autonomy Degree 

Additional examination of terms like risk analysis, safety engineering, and navigation shows how 

important machine learning and intelligent systems are to improving the safety of autonomous 

vessels. Predictive models and other algorithmic solutions targeted at lowering navigational risks 

are constantly added to these systems as they develop. 

Machine learning surrounds more sides of machine learning including perception, decision-

making, control, and collision avoidance, in the realm of autonomous shipping and navigation. 

Machine learning is using and analyzing the data that have been collected from past accidents and 

records has the potential to transform the maritime industry while shifting and adopting them (Guo 

et al., 2020). Safe and more efficient shipping could be created by this shift and may start the new 

era for the maritime shipping industry. While the world industry evolves to Industry 4.0 this will 

have a positive effect on the future of the shipping industry as well especially for maritime 

autonomous surface ships (MASS). These implications may create openings and avenues for 

innovation and growth. 

1.2. Optimizing Supply Chain  
Machine learning has a considerable prospect for the optimization of the supply chain and marine 

logistics’ efficiency, productivity, and safety by handling cargo and its documentation. Machine 

learning algorithms can also be used for cargo handling procedures on ships and ports to analyze 

data from sources that can be cargo manifests, vessel schedules, and historical indicators (Tay et 

al., 2021). Automated scheduling and prioritizing of the loading and unloading process is the one 

main use of machine learning in cargo handling optimization (Ferreira et al., 2023). The intelligent 

systems can create the optimized schedule for cargo handling strategies to reduce turnaround times 

and congestion by utilizing the previous data that can be gathered from previous records such as 

vessel availability, cargo quantities berth availability, and port equipment to make the process more 

time efficient.  

The merging of concepts like unmanned surface vehicles and maritime autonomous surface ships 

in modern research further highlights the increasing focus on supply chain and cargo management 

optimization through machine learning. 

Machine learning also be used to determine cargo handling procedure to forecast the handling 

activities. These systems can also predict cargo demands for the vessels that are arriving, port 

usage allows operators to allocate resources, modify workforce levels, and improve workflow 
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operations in response to shifting demand patterns by examining past data and trends. Overall, 

equipment use and resource allocation in cargo handling operations can be improved by smart 

systems and their algorithms to optimize the supply chain in the maritime industry. These 

algorithms can be used in crane scheduling, container stacking, and yard management procedures 

by assessing equipment performance data and operating factors to increase the ship and port 

efficiency. These implications will help to lean times and improve the possible bottlenecks that 

may happen during the loading and unloading procedure.  

1.3. Conclusion  
Integration of intelligent maritime routing systems to shipping has a greater role. These 

implications to the navigation and cargo handling procedures will help to transition the maritime 

industry to the future while keeping an eye on the safety, environment, and efficiency. Furthermore, 

the maritime industry embraces the era of Industry 4.0 which means AI-driven technologies are 

used in the process of decision-making and operations (Soori et al., 2024). These implications will 

pave the way for the evolution of autonomous systems and enhance them on the effectiveness and 

sustainability. The possibility of the modernization of the maritime supply chain and logistics is 

immersed. Future research and developments in this algorithmic decision-making will create 

solutions for the problems that are happening today and make the new maritime logistics more 

prioritized in safety, efficiency, and environmental stewardship. 

2. Problem Statement 

Since it transports more than 80% of the world’s goods the maritime sector is vital to the global 

economy. Minimizing operating expenses lessening the impact on the environment and 

guaranteeing the timely delivery of goods all depend on effective maritime navigation. However, 

the Electronic Chart Display and Information System (ECDIS) and other modern marine 

navigation systems mainly rely on preset routes that don’t take into consideration dynamic changes 

in oceanic conditions. Ineffective routing results from these systems' frequent inability to adapt to 

real-time factors like weather patterns ocean currents and shipping lane congestion.  

As a result, ships often incur delays use more fuel than necessary, and incur higher operating 

expenses. For shipping firms, this inefficiency presents serious financial difficulties particularly in 

a sector with narrow profit margins and high operating costs due to fuel. The industry’s 

environmental impact is further exacerbated by inefficient routing since higher fuel consumption 

results in higher greenhouse gas emissions.  

The development of more adaptive navigation solutions is urgently needed to address these issues. 

While some aspects of maritime navigation have been enhanced by developments in weather 

forecasting and predictive modeling real-time route optimization has not been made possible by 

their complete integration into operational systems. Within the current ECDIS framework, the 

integration of an Intelligent Maritime Routing System represents a knowledge gap.  
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A system like this could dynamically modify routes throughout a journey by using real-time data 

from sources like weather forecasts oceanographic data and vessel performance metrics. An 

Intelligent Maritime Routing System could shorten travel times, use less fuel, and have a lower 

overall operational cost by allowing vessels to react to changing conditions more efficiently. 

Moreover, the capacity to optimize routes using real-time data may greatly lessen the 

environmental effect of maritime operations supporting international initiatives to slow down 

climate change. Although it has great potential there is currently little use of such a system in the 

maritime sector, which presents a big opportunity for research and development.  

The purpose of this study is to investigate the best ways to integrate an Intelligent Maritime 

Routing System with ECDIS to maximize marine navigation routes. This research aims to explore 

the possibilities for improved route efficiency cost reduction and environmental sustainability in 

international shipping operations by tackling real-time adaptability. The following questions will 

be specifically addressed by the study: 

• In what ways can AI-driven algorithms enhance the optimization of marine navigation routes 

to decrease travel times and fuel usage? 

• How does machine learning contribute to improving the accuracy of predictive models for 

weather and ocean conditions in route planning? 

• What effects does AI-driven route optimization have on global shipping logistics and supply 

chain management? 

• How can AI assist in forecasting potential disruptions (such as adverse weather events or port 

congestion) in maritime logistics, and what are the implications for operational planning? 

3. Methodology  

3.1. Research Design 
Primary data collection and secondary data collection are the two main parts of the data collection 

process for this study. With the aid of an Intelligent Maritime Routing System (IMRS) each 

component is made to collect thorough data on the optimization of marine routes.  

3.2. Main Source of Data: Survey Questionnaire 
Respondents are Professional navigation officers and maritime logistics staff. They were given a 

structured survey form. The goal of this strategy was to collect both quantitative and qualitative 

information about the opinions and experiences surrounding the application of IMRS.  

Twenty people in all representing a range of stakeholder groups were intended to complete the 

survey. Individuals with practical experience in maritime navigation who offer practical insights 

into the operational implications of IMRS are known as professional navigation officers. 

Professionals engaged in the planning and implementation of shipping logistics known as maritime 

logistics personnel can provide insights into the effectiveness and optimization of maritime routes.  
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3.3. Design of the Survey: 
Participants were able to share their opinions and experiences about the implementation of IMRS 

by answering both closed-ended and open-ended questions. Included in the questionnaire were the 

following major themes:  

• The perceived advantages and difficulties of IMRS implementation.  

• The efficiency of current route optimization techniques. Proposals for enhancing the 

integration and adoption of IMRS in maritime operations.  

• Full-Text Responses: In addition to the survey three knowledgeable experts in the field 

provided full-text responses.  

The questions of the survey were designed to get detailed and needed information to help analyze 

the upcoming results for this paper. Questions were mainly based on autonomous shipping and its 

future effects on supply chain management.  

3.3.1. The research questions justification and how they advance our 
knowledge of machine learning in shipping.  

Artificial intelligence technologies are revolutionizing maritime navigation, particularly in the 

areas of autonomous shipping and route optimization. The study’s research questions aim to fill 

important knowledge gaps regarding artificial intelligence used in Electronic Chart Display and 

Information Systems (ECDIS) and its wider effects on shipping logistics sustainability and safety. 

In an increasingly dynamic and complex industry, this research aims to develop a thorough 

understanding of how autonomously driven systems can support maritime operations by 

methodically examining each question.  

3.3.2. Maritime Route Optimization and Efficiency Improvements. 

Since route optimization is central to operational efficiency in maritime shipping the first 

question—“How will AI-driven algorithms optimize marine navigation routes to reduce travel 

time and fuel consumption?”—is crucial. The capacity of autonomous shipping to modify routes 

in real-time based on factors like weather and traffic density has a direct impact on vessels' fuel 

efficiency and transit time especially in light of growing fuel prices and heightened environmental 

consciousness. By providing an answer we can identify the precise algorithmic enhancements and 

adaptability that AI offers to ECDIS demonstrating how real-time data processing and predictive 

modeling can revolutionize conventional navigation techniques. This information will lay the 

groundwork for future advancements in environmentally friendly shipping by highlighting AIs 

potential to provide financial gains in addition to satisfying legal requirements for emissions 

reductions.  
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3.3.3. Overcoming technical and operational difficulties.  

To determine whether these developments are practically feasible it is essential to comprehend the 

technical and operational challenges of adding AI-based route optimization into current ECDIS 

systems. Even though artificial intelligence (AI) holds great promise integrating AI algorithms into 

ECDIS is fraught with difficulties such as user adaptability data integration and software 

compatibility. This inquiry helps the study to pinpoint the difficulties faced by marine developers 

and operators, particularly in situations where the stakes are high, error tolerance is very low. By 

examining these technical limitations and user acceptance factors the study hopes to produce 

practical insights that can direct a smoother integration of AI into maritime navigation assisting 

future researchers and developers in realizing how crucial it is to match industry standards and 

user capabilities with technological advancements.  

3.3.4. Maintaining Safety at Sea in Complicated Environments.  

Given the importance of safety in maritime operations the question “How will the integration of 

AI into ECDIS enhance the safety of maritime operations, particularly in high-traffic or hazardous 

waters?” is well-founded. Although technology has advanced navigating in crowded waters or in 

areas with environmental hazards, is still a major challenge. Predictive models and collision 

avoidance algorithms are two ways AI can support safety but it’s important to comprehend how it 

improves ECDIS's safety features. Finding the answer to this question can help us understand how 

well AI can evaluate and reduce risks, giving us important information about whether AI-driven 

systems can successfully lower human error, stop accidents and provide trustworthy decision 

support. Gaining confidence in AI-driven navigation systems and making sure that these 

technologies improve maritime safety generally depend on this understanding.  

3.3.5. Enhancing Predictive Precision through Machine Learning. 

To improve the predictive accuracy of weather and ocean condition models for route planning the 

question “What role does machine learning play?” focuses on the technical underpinnings that 

enable AI-based systems to function exceptionally well in dynamic environments. For safe and 

effective navigation weather and ocean conditions must be accurately predicted, however, 

traditional models frequently fail in situations that change quickly. Large datasets can be used to 

enhance predictions through machine learning (ML) which provides real-time route modifications 

that adjust to changing maritime conditions. The goal of this research is to shed light on the 

fundamental processes that enable AI-enhanced ECDIS systems to be used in the maritime sector 

over the long term by examining how machine learning affects predictive accuracy. Knowing this 

function gives developers and operators the skills they need to improve predictive models even 

more increasing the accuracy and dependability of upcoming autonomous navigation systems.  

3.3.6. Environmental Impact and Sustainability.  

A global priority for the maritime industry is reflected in the question “How does AI-assisted route 

optimization contribute to achieving sustainability goals such as reducing carbon emissions in the 
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maritime sector?” The ability of AI to optimize routes for fuel efficiency directly contributes to 

lowering emissions as environmental concerns increase. This inquiry enables the study to 

investigate how AI solutions can support global sustainability objectives and offer a more 

environmentally friendly operational framework to the maritime sector. Determining a roadmap 

for future more sustainable maritime practices and defending investments in AI technology require 

an understanding of this relationship.  

3.3.7. Interface design and user trust.  

The human element in technology adoption is emphasized by the question about marine operators' 

understanding and trust toward using AI in navigation and how ECDIS user-interface design can 

improve trust and usability. The people who depend on AI daily must accept and trust it for it to 

be implemented successfully. The research tackles the need to create AI-driven systems that are 

easy for operators to use by asking this question which increases automated navigation 

dependability and credibility. It emphasizes that effective AI integration depends not only on 

technical capabilities but also on how well the systems are built to consider the cognitive processes 

and preferences of users which will ultimately result in safer and more effective operations.  

3.3.8. Widespread effects on supply chain management and shipping 
logistics 

Finally examining the implications of AI-driven route optimization on global shipping logistics 

and supply chain management puts the study into a more comprehensive operational and economic 

framework. Beyond individual ships, the use of AI has broad ramifications. It can transform 

logistics coordination, ease supply chain congestion, and improve maritime operations' ability to 

respond to demand around the world. This inquiry expands the study’s focus and reveals how 

artificial intelligence (AI) can transform logistics by increasing maritime supply chains resilience 

adaptability and cost-effectiveness. Since it demonstrates AIs value in tackling today’s issues in a 

globally interconnected market this information is essential for industry stakeholders. 

 

3.4. Secondary Data  

3.4.1. A Literature Review 

We look for articles on AI that are pertinent to our review as well as ML for managing the maritime 

and marine environments. The significance of employing Boolean operators for refinement is 

recognized by our parameters for the search. Our goal is to improve our search results making sure 

they are both feasible by using operators and pertinent strongly related to the topic of our review 

article issue and objectives.  

When attempting to condense the extensive material on the topic our search strategy made use of 

Boolean operators. Boolean operators are useful for eliminating irrelevant data details and 
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concentrate on articles that examine related fields. This is important for machine learning and 

artificial intelligence research management of the maritime and marine environments as well as 

education. expands. Through the combination of phrases such as “artificial intelligence”, “marine 

environment maritime” and “machine learning management”. Additionally using specific terms 

associated with the core topic of our review including environmental sustainability monitoring 

marine biodiversity and pollution control respectively helps us focus and ensure that our search is 

focused. These terms offer a thorough understanding knowledge of our search enabling us to 

investigate the use of machine learning and artificial intelligence, tackling issues of sustainability 

and environmental monitoring and reducing the negative effects of humans on marine life 

ecosystems. It was possible for the authors to use Boolean operators. For our purposes modify the 

search terms to eliminate papers that are not relevant review subject. These articles may address 

related topics like health care or money. We can use this specific technique to find excellent 

literature quickly. Literature provides significant advancements and insights into artificial 

intelligence and applications of machine learning in maritime management marine habitats.  

Finally adding Boolean operators to our search strategy is essential for reducing the scope of our 

search and ensuring that the results of our search are pertinent to finding literature on the 

convergence of machine learning maritime and artificial intelligence in the management of the 

marine environment. By applying this technique, conducting a comprehensive and perceptive 

study was the goal of interpretation that would greatly improve the current familiarity with this 

subject.  

3.4.2. Data Gathering for Marine Transportation.  

The maritime industry may experience major changes. Changes because of artificial intelligence 

(AI) systems for automatic identification (AIS). The AIS requires boats to transmit real-time 

information on their position speed and other factors that make maritime traffic safer. This is a 

result of the law that requires larger ships to meet this requirement (Ceyhun, 2020). Large amounts 

of AIS data can be handled and analyzed utilizing machine learning methods and artificial 

intelligence algorithms can result in the identification of important patterns and insights. 

Situational awareness control and effective decision-making. All of this makes vessel traffic 

possible getting better route planning improving correspondence and cooperation between 

authorities and ships. Potential advantages include transforming the way ships operate by 

integrating AIS with artificial intelligence within the maritime industry. 

3.4.3. Marine logistics using machine learning.  

In the area of shipping goods across international borders machine learning (ML) and information 

technology (IFTM) are promising avenues due to their capacity to leverage data power that is 

becoming easier for practitioners and researchers to access regarding the transportation of freight. 

When talked about international freight transportation, it means the real thing transfer of goods 

from one country to another whether via pipeline, truck, rail, air, ship, or multimodal systems. 

During international freight transit, there may be a significant number of participants involved. 
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These participants may simultaneously include one or more shippers, carriers, forwarders, third-

party logistics providers, and the customs authorities of two or more nations(Saito et al., 2022). In 

contrast to both domestic and international freight movements transportation is differentiated by 

larger volumes (for instance transported by container ships that have a capacity of. exceeding 

10000 TEU) and longer distances (e. g. Intercontinental) the use of big cars (for example ocean-

going ships for instance) and infrastructure (e. g. seaports) as well as the existence of border 

crossing controls. This high complexity of management is caused by several factors in the 

international shipping of goods. Because it’s complicated analyzing the connections between the 

various input decisions and results related to international freight transportation networks are more 

intricate. These problems range from the forecasting of demand to the planning of operations, as 

well as the maintenance of assets and the prediction of timely delivery (Behdani et al., 2020). 

Machine learning (ML) can make a big difference in revolutionizing maritime logistics through 

increased effectiveness, security, and durability in a range of supply chain components.  

4. Survey Analysis 

4.1. Introduction to the Survey 
Navigation officers and logistics managers were among the maritime professionals whose opinions 

on incorporating AI-driven technologies in navigation were to be gathered through the survey. It 

specifically addressed the possible advantages and difficulties of integrating Intelligent Maritime 

Routing Systems (IMRS) with Electronic Chart Display and Information Systems (ECDIS). 

Improvements in efficiency, safety implications, adherence to global regulations, and user 

confidence in autonomous systems were among the main themes. The goals of the survey were in 

line with the main research questions which aim to assess the effects of AI-driven systems on fuel 

optimization collision avoidance, marine navigation, and overall operational safety. The survey 

results provide a clear view of the usefulness of AI technologies in the maritime industry by 

emphasizing real-world experiences connecting theoretical advantages with operational realities. 

4.2. The Response Rate  
The survey was conducted to gather information from various aspects of maritime sectors. The 

respondents were 20% of logistics managers and 80% of navigation officers, which they have 

significant experience in the industry. 
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4.3. Findings by Survey Questions 

By evaluating current sea conditions and weather an Intelligent Maritime Routing System (IMRS) 

provides recommendations for more effective marine navigation routes. The goal of this 

optimization process is to cut down on fuel usage and travel time. Using sophisticated algorithms, 

the IMRS finds routes that minimize resistance and maximize speed by combining several 

variables including wind speed wave height and ocean currents. Through the automation of these 

variables analysis the IMRS considerably lessens the need for manual chart plotting which might 

not be able to adapt to changing maritime conditions. 36.8 % of respondents chose this response 

demonstrating their understanding of how important automation is to improving navigation 

effectiveness. By enabling maritime operators to make data-driven well-informed decisions this 

system enhances operational effectiveness in comparison to conventional approaches. 
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An Intelligent Maritime Routing System (IMRS) integration with current Electronic Chart Display 

and Information Systems (ECDIS) poses a number of operational and technical difficulties. The 

first obstacle is the high expense of updating the equipment required to support IMRS features. 

When implementing an IMRS significant financial resources are needed for both hardware and 

software upgrades in contrast to traditional paper charts which require minimal technological 

investments. This cost barrier may discourage marine operators from upgrading to more 

sophisticated systems. The absence of integration between AI algorithms and current navigation 

systems is the second issue. Equal numbers of respondents selected both challenges indicating that 

everyone is aware of these significant barriers. This suggests that those involved in the maritime 

industry are aware of the financial implications of technological developments and the necessity 

of seamless integration of new systems with current navigation technologies in order to reap the 

full benefits of an IMRS. These problems must be resolved in order to increase maritime efficiency 

and safety. 

 

The integration of the Intelligent Maritime Routing System (IMRS) with Electronic Chart Display 

and Information Systems (ECDIS) significantly improves maritime operations safety particularly 

in crowded or dangerous waters. The IMRSs capacity to provide precise real-time updates on 

environmental hazards and maritime traffic is one of its key benefits. This feature is allowing to 

lower the chance of collisions and groundings by enabling the navigation route to be swiftly 

modified based on the current conditions.  By automating data analysis and route optimization the 

IMRS lowers these human plotting errors and generates more reliable navigation decisions. By 

enhancing situational awareness, the IMRS enables operators to respond swiftly to emerging 

threats thereby augmenting overall safety. Through this integration it is easier to comply with 

international safety standards which also increases the confidence of maritime workers who 

operate in difficult environments. Since the incorporation of IMRSs into ECDIS represents a 
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significant advancement over traditional navigation methods it eventually encourages safer and 

more efficient maritime operations. 

 

The response selection is more based on the which highlights how machine learning analyzes big 

amounts of data to produce forecasts which are more accurate than manual weather plotting using 

paper charts demonstrates a thorough understanding of the advantages of modern data analysis 

techniques. These are showing why this response has chosen and why they were popular among 

the answerers: 

Volume and Complexity of Data: It is likely that respondents are aware of the many variables 

influencing weather and ocean conditions. Machine learning can analyze large datasets including 

satellite imagery real-time sensor data and historical weather patterns in ways that traditional 

manual plotting techniques cannot. Overall prediction accuracy is improved by this ability to 

handle complex data.  

Enhanced Predictive Models: Algorithms for machine learning are designed to identify patterns 

and correlations in data that human analysis might overlook. By employing these advanced 

analytical methods machine learning models can generate more accurate forecasts which can then 

be used to enhance route planning based on expected weather and ocean conditions.  

Real-Time Adaptability: Things can change quickly in maritime environments due to their 

dynamic nature. Machine learnings capacity to adapt its models in real time to new data makes it 

feasible to adjust predictions. This flexibility is a significant improvement over static paper 

charts which cannot manage such changes. 
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Automation Trend: A wider industry shift toward automation and data-driven decision-making is 

reflected in the expanding application of machine learning in a variety of fields including maritime 

navigation. The implementation of these technologies according to the respondents is essential to 

improving safety and expediting operations in maritime environments. Considering all of this the 

selection of this response demonstrates a thorough understanding of how machine learning 

significantly increases the forecast accuracy of weather and ocean condition models providing 

notable advantages over traditional manual efforts. 

 

The response that demonstrates concern for sustainability in the maritime sector is that while 

traditional paper charts are unable to provide dynamic adjustments IMRS-assisted route 

optimization may be able to lower fuel consumption through real-time adjustments. Here are the 

primary explanations for its selection. Reducing fuel consumption is one of the main strategies for 

achieving sustainability in the maritime industry as the respondents are aware. The IMRSs capacity 

to evaluate data in real time and recommend the best routes to cut carbon emissions may allow for 

significant fuel consumption reductions. The IMRS differs from static paper charts primarily in its 

dynamic response to conditions and it is real-time adjustable due related situation. The respondents 

are aware that less effective routing may result from paper charts inability to account for shifting 

environmental conditions like weather or ocean currents. The IMRS can continuously adjust to 

these circumstances improving routes which will help to increase fuel efficiency even more than 

traditional paper chart way.  

Alignment with Regulatory Objectives: An increasing number of maritime companies are 

concentrating on minimizing their environmental impact and adhering to international 

sustainability standards. Due to its emphasis on reducing fuel consumption and thus carbon 

emissions, IMRS is probably viewed by respondents as an essential instrument for coordinating 

operational procedures with more general sustainability goals.  
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Reduced Emissions: It's probable that respondents are aware of the direct link between cutting 

back on fuel use and cutting greenhouse gas emissions.  

Awareness of the Industry: The maritime industry is starting to realize how critical it is to adopt 

state-of-the-art technologies to solve environmental problems. This response choice demonstrates 

that respondents are aware of how innovative systems such as IMRS can promote sustainable 

practices and reduce the industry's overall environmental impact. Overall, this response shows a 

deep understanding of how IMRS-assisted route optimization significantly helps the maritime 

industry achieve sustainability goals by increasing fuel efficiency and reducing carbon emissions 

when compared to traditional navigation techniques. 

The responses selection highlights several significant attitudes and worries among marine 

operators adjusting to new navigational technologies. These include the reluctance of operators 

accustomed to paper charts to depend on automated systems such as IMRS and the perception that 

IMRS interfaces are more complicated than the ease of manually charting routes. These decisions 

were mainly made from the following.  

Be Wary of Automation: Due to their long-standing use of traditional paper charts, many marine 

operators may have a strong attachment to them. Concerns regarding the accuracy and 

dependability of these technologies may arise as automated systems like IMRS become more 

common. The complexity of user interfaces has a direct impact on usability and operator 

confidence so it’s interesting that IMRS interfaces are believed to be capable of complexity. 

Because it’s simple and tactile many operators are used to plotting routes on paper charts. It can 

be frightening to switch to digital systems since doing so typically necessitates learning new 

software and comprehending intricate data displays. Operators may become frustrated if they are 

unable to use the system efficiently due to the improper user interface.  

Training and Familiarity: Comments on this specific topic highlight the significance of offering 

sufficient training and assistance throughout the changeover. Operators may experience overwork 
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if they lack the resources to become acquainted with IMRS technology. The speed at which new 

systems are adopted can be greatly influenced by user interface familiarity and the alignment of 

the designs with operators’ mental models.  

Effect on Decision-Making: When under pressure operators may believe that complicated 

interfaces will change or divert their ability to make prompt informed decisions. Navigation 

systems must be trusted, operators may be reluctant to use them efficiently in real-world operations 

if they have trouble navigating the interface. 

 The answers demonstrate understanding of how state-of-the-art navigation technology can 

enhance regulatory compliance in the maritime sector by claiming that IMRS automatically finds 

and suggests routes that comply with International Maritime Organization (IMO) regulations 

rather than requiring manual chart plotting. This response is accurate for a number of key reasons.  

Automation of Compliance: It is possible to apply and incorporate IMO and other international 

regulations into IMRS systems. Because the IMRS calculates compliant routes automatically it 

reduces the chance of human error that occurs when plotting on paper charts where operators may 

inadvertently forget regulatory requirements.  

Fast Updates and Flexibility: Unlike traditional physical paper charts that need to be updated by 

hand with complicated procedures, IMRS can adjust to environmental conditions or regulatory 

requirements very easily. Due to the ability to swiftly modify routes in response to fresh 

information, this guarantees constant adherence to international standards throughout the trip. 

IMRS provides automated compliance checks and recommendations which enhance safety and 

accountability in maritime operations. Operators who are certain that their navigational choices 

are within the law are less likely to make violations that could lead to fines or other penalties. This 

component is especially important in two areas: protecting the environment and maintaining 

operational integrity.  
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Decision Making Made Easier: When the IMRS suggests compliant routes maritime operators find 

that it makes decision-making easier. Operators can focus on other important aspects of safety and 

navigation by relying on the IMRS to ensure adherence to IMO standards instead of assessing 

regulatory compliance for each route plotted on paper. 

The argument that big data enhances real-time decision-making in route optimization by improving 

the decision-making capabilities of an Intelligent Maritime Routing System (IMRS) while 

traditional methods using paper charts rely on static or outdated data is supported by several 

significant insights into the advantages of big data in maritime navigation. A large amount of real-

time data from various sources including satellite data weather forecasts traffic patterns and ocean 

conditions can be accessed and analyzed by IMRS thanks to big data. By allowing operators to 

make well-informed decisions according to the current circumstances this feature greatly improves 

the efficacy of route optimization. However, paper charts are static and do not provide real-time 

updates which may lead to ineffective navigation.  

Dynamic Analysis: IMRS can continuously assess a variety of factors that affect navigation by 

integrating big data. This dynamic analysis takes into account current changes in the weather sea 

conditions and vessel traffic enabling quick routing decision-making. Traditional methods that rely 

on manually plotted routes on paper charts are unable to adequately accommodate these dynamic 

conditions. This could lead to less-than-ideal choices. grew.  

Predictive Capabilities: Using big data analytics such as anticipated weather changes or areas of 

congestion IMRS can forecast potential roadblocks or opportunities along a recommended route. 

The ability to predict the future allows users to make proactive route modifications that increase 

efficiency and safety. These kinds of insights are not achievable with paper charts because they 

often force operators to rely on data from the past that may not accurately represent the current 

climate.  
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Decreased Human Error: Since operators must interpret out-of-date information using static data 

from paper charts raises the possibility of human error in navigation. Big data improves decision-

making by automating numerous activities related to route planning and optimization which lowers 

the possibility of errors that could arise from manual plotting and interpretation.  

 

The choice of response that IMRS-driven route optimization increases route efficiency and 

decreases delays which manual plotting with paper charts cannot always accomplish shows a clear 

understanding of the significant effects that state-of-the-art navigation technologies have on 

international shipping logistics and supply chain management. This explains the selection of this 

response. 

 

Enhanced Efficiency: Using real-time data IMRS optimizes routes based on a number of factors 

such as marine currents, traffic patterns, and weather. With this ability, ships can select the most 

efficient routes to reduce travel time and fuel consumption. However, manually plotting with paper 

charts is often limited to static routes that may not take the current situation into account which 

reduces the effectiveness of navigation. Delays are reduced because ships can respond quickly to 

changing conditions such as inclement weather or clogged waterways thanks to IMRSs ability to 

make dynamic route modifications. 

 

Enhanced Supply Chain Reliability: Companies supply chains depend on timely delivery to 

function properly and any delays can lead to issues which can create increased costs. Ships that 

arrive at their destinations on schedule will be provided by IMRS-driven navigation, which also 

improves inventory control and customer satisfaction. Two advantages of the improved route 

efficiency made possible by IMRS are time and fuel savings. This drop in operating expenses may 

allow shipping companies to function more competitively, which could significantly reduce the 
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overall cost of logistics. However, the increased fuel consumption associated with manually 

plotted less efficient routes may put pressure on profit margins.  

The choice of response indicating that in contrast to manual estimations using paper charts, IMRS 

helps optimize port entry and exit by forecasting congestion shows a thorough comprehension of 

the benefits of advanced navigation systems in improving operational planning in maritime 

logistics. 

Improved Predictive Capabilities: To forecast possible disruptions like weather and port traffic 

IMRS uses machine learning algorithms and real-time data analytics. The system forecasts when 

congestion is likely to occur by evaluating both historical and current data giving operators the 

ability to make well-informed decisions regarding port entry and exit. The use of static data and 

manual estimations in traditional paper charts, however, can result in errors and lost optimization 

opportunities.  

Operational Planning Proactively: IMRS assists maritime operators in better scheduling and route 

planning by foreseeing disruptions. This preventative strategy lessens the effect of possible delays 

and allows operators to modify their plans as necessary whether that means postponing arrival 

selecting different ports or streamlining routes to steer clear of anticipated weather problems.  

Efficiency Gains and Resource Use: Ships can schedule their arrivals to take place during times 

when there is less crowding which will cut down on waiting times and related expenses. Since 

traditional navigation techniques are unable to precisely assess and forecast the current situation it 

is challenging to attain this level of efficiency with them. Savings: By reducing delays brought on 

by unforeseen traffic jams or inclement weather IMRS helps shipping companies save a significant 

amount of money. In a sector where profit margins can be narrower shorter port wait times result 

in lower operating costs. Because they don’t account for these dynamic factors traditional paper 

charts can result in higher costs because of inefficient routing and unforeseen delays.  
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Market Demand Adaptation: In the fiercely competitive global shipping sector the ability to swiftly 

adapt to changes is crucial. Operators can respond more adeptly to changes in market conditions 

and demand because of IMRS’s predictive capabilities. By adapting their logistics strategies ahead 

of expected disruptions operators can meet customer expectations and stay competitive. Taking 

everything into account, choosing this response emphasizes the significant benefits that IMRS 

provides in terms of improving operational planning and foreseeing potential disruptions in 

maritime logistics. By optimizing port entry and exit based on accurate congestion predictions 

IMRS significantly improves the responsiveness and efficiency of maritime operations compared 

to traditional methods. 

When asked how IMRS can optimize port entry and departure times to minimize traffic and 

increase overall port efficiency the three selected responses show a thorough understanding of 

IMRS’s capabilities in comparison to traditional paper chart navigation. This clarifies the 

reasoning behind the choice of these answers. Paper charts make it difficult to manually schedule 

the best times to enter and exit IMRS uses traffic data to do this.  

Data-Driven Optimization: IMRS uses some of the most recent traffic data including ship 

movements into and out of ports. IMRS can reduce traffic and delays by analyzing this data to 

identify the best times for vessels to arrive and depart. Paper charts, however, require manual 

plotting and static data making it difficult to plan and predict vessel movements with accuracy.  

Efficiency Gains: By arranging ship arrivals and departures at the most convenient times ports can 

avoid periods of high traffic and boost overall efficiency. Throughput is increased and wait times 

are reduced thanks to this capability which makes operations more efficient. IMRS predicts traffic 

and suggests various times without requiring manual adjustments using paper charts.  

Active Traffic Control: By using predictive algorithms that look at both past data and present 

circumstances IMRS anticipates potential traffic bottlenecks. It can accurately predict when ships 

should arrive and depart to avoid expected congestion because of this foresight. Changing paper 
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charts by hand is reactive and usually based on insufficient information which could result in 

unanticipated delays.  

Adaptability: IMRS enables operators to make real-time plan modifications enhancing port 

resource management and simplifying operations by offering alternative schedules. In crowded 

ports, this adaptability is necessary to maintain productivity. AI makes multiple schedule 

recommendations and forecasts port congestion.  

Advanced Analytics: By using artificial intelligence (AI) to evaluate vast volumes of data and 

generate more precise forecasts, IMRS is able to identify patterns and trends associated with port 

congestion. Compared to manually plotting charts on paper which usually cannot analyze traffic 

patterns in detail, this sophisticated analytical method performs better.  

Optimal Resource Allocation: IMRS helps port authorities and shipping operators make informed 

decisions that minimize traffic and maximize resource allocation by utilizing AI forecasts to 

propose alternate schedules. All three responses demonstrate how IMRS has revolutionized port 

operations by optimizing entry and departure times using real-time data and predictive analytics. 

The port was ultimately able to handle more ships thanks to quicker turnaround times and more 

effective loading and unloading procedures. However, the complexity of modern port operations 

and maritime logistics makes traditional navigation methods inadequate. The chosen responses 

make it clear that the respondents understand exactly how IMRS increases the flexibility and 

efficiency of resource management in busy port settings. 

  

The decision that raises concerns regarding the reliance on automation rather than the control of 

manual plotting with paper charts demonstrates a sophisticated awareness of the potential ethical 

and cybersecurity issues with the integration of Intelligent Maritime Routing Systems (IMRS) into 

Electronic Chart Display and Information Systems (ECDIS). The reasons given below led to the 

selection of this response.  
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Excessive reliance on automated components is a significant ethical issue with IMRS integration. 

Although automation may improve productivity and decision-making skills it may also make 

human navigators more dependent. This modification raises questions about accountability and 

responsibility in maritime operations. It can be challenging to determine who made a bad decision 

with an automated system. Operators may experience a decrease in situational awareness if they 

depend too much on automated systems. Using traditional paper charts allows navigators to 

actively participate in the planning and plotting process which helps them obtain a thorough 

understanding of the navigational environment. Through this activity, critical thinking and 

decision-making skills are developed. Conversely, IMRS may make operators passive information 

consumers which may hinder their ability to respond appropriately to crises or unanticipated 

events. The integration of IMRS into ECDIS introduces potential cybersecurity risks that were less 

of a problem with manual navigation techniques. Cyberattacks could change routing information 

or disrupt automated systems navigation. Because of this dependence on technology, robust 

cybersecurity measures are needed to protect sensitive data and maintain operational integrity. 

Fears of hacking or unauthorized access to navigational systems may cause people to lose faith in 

automated solutions.  

Ethical Data Use: The use of big data and AI by IMRS raises ethical concerns about data privacy 

and the ethical sourcing of materials. In accordance with maritime laws and privacy regulations 

operators and businesses must ensure that the data used for route optimization is collected and 

used ethically. The possibility of data misuse or misunderstanding may give rise to ethical 

dilemmas that were not present in traditional navigation techniques.  

Navigational Proficiency and Abilities: The reliance on automated systems may cause maritime 

operators’ navigational skills to deteriorate. As operators get accustomed to IMRS handling route 

optimization they might lose the ability to navigate manually if needed. This reduction in skill can 

pose major risks to safety, especially in emergency situations where human judgment is crucial.  

All things considered, the choice to employ this response draws attention to the complex ethical 

and cybersecurity concerns related to integrating IMRS into ECDIS for real-time route 

optimization. By describing the negative effects of relying too heavily on automation in contrast 

to more traditional methods, this response highlights the necessity of a balanced approach that 

maintains human oversight and accountability in maritime operations. This will ensure the use of 

advanced navigation technologies while maintaining safety, security and moral integrity. 
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Conclusion 
The use of advanced technology could reshape the very terrain in which it operates. This work has 

looked at the use of Intelligent Maritime Routing Systems (IMRS) in combination with Electronic 

Chart Display and Information Systems (ECDIS). Through an in-depth analysis, this study has 

demonstrated how IMRS can optimize routes, enhance navigational safety, and ultimately cultivate 

a more efficient maritime logistics structure. However, certain challenges remain—because the 

integration of these technologies necessitates considerable investment. While the benefits are clear, 

the process won't be all sunshine and roses. 

 

The results of this study demonstrate that IMRS can crunch big data - including real-time weather, 

oceanography, and ship specifications. This ability allows routes to be dynamically adjusted, which 

is essential in unpredictable seas. With global shipping under increasing strains (economic, 

and environmental regulations and the need for sustainable operations), the IMRS ability to 

generate optimal routing solutions has never been more relevant. The use of algorithms that 

consider a variety of factors not only makes transit times more efficient but also helps save fuel 

and cut greenhouse gas emissions which is in line with international efforts to tackle climate 

change. However, its critical to acknowledge that context may have an impact on how well these 

solutions work. While IMRS shows tremendous potential, ongoing adjustment and refinement is 

required, as the maritime environment is in constant flux. This constant evolution will keep routing 

solutions alive and timely in addressing new problems. 

 

In addition, the qualitative information gathered from experienced seamen who have a lot of 

experience corroborates the quantitative findings of this study. Survey answers show a growing 

openness and excitement about using IMRS. The promise of such systems to increase situational 

awareness and the quality of decision-making is recognized by maritime operators and navigation 

officers (who sit at the center of this domain). But along with this acceptance comes an 

understanding of the difficulties in incorporating new technologies into established operational 

practices. The respondents stressed the need for comprehensive training the risks of becoming 

overly dependent on technology and problems with these system's dependability. Since IMRS on 

an ECDIS requires both a shift in the culture of maritime organizations and technological 

advancement resolving these issues is crucial to its successful implementation. The interplay 

between technology and human judgment will impact maritime operations in the future. However, 

the combination of ECDIS and IMRS has significant effects on maritime safety. These systems' 

predictive abilities can improve risk management plans by spotting possible dangers and providing 

detours. Such forward-looking navigation is especially crucial in densely traveled areas or latitudes 

where bad weather can be expected. With its ability to deliver real-time updates and warnings, 

IMRS has the potential to help maritime operators make safety- and efficiency-driven decisions, 

but challenges continue. 
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The introduction of IMRS (Intelligent Maritime Routing Systems) into existing maritime practice 

is not without its challenges but one must be mindful that maritime activities operate under an 

intricate regulatory regime. The implementation of these innovative technologies must therefore 

adhere to international standards and protocols. Working relationships between technology 

developers, regulators, and the maritime community will be key to navigating such a labyrinth 

effectively. Policymakers, for their part, need to work with industry actors to create a regulatory 

environment that encourages innovation while securing safety and compliance. 

 

Further research needs to look at the long-term effects of the use of IMRS (Intelligent Maritime 

Routing System) in all the different aspects of the maritime field. Economic modeling of the impact 

of lower fuel use and higher operational efficiency, for example, could be useful to shipping firms. 

The current debate about sustainable maritime practices would also be significantly advanced by 

looking into the environmental benefits of optimized routing particularly with regard to emissions 

reductions. These projects may seem daunting, but they are essential to the future of the sea. Future 

research on the intriguing topic of AI and machine learning integration in Intelligent Maritime 

Routing Systems (IMRS) may prove to be fruitful. These technologies could significantly improve 

routing systems’ capacity to forecast results. By examining past data and spotting patterns machine 

learning algorithms can improve route optimization tactics over time. As a result, operations might 

become even safer and more efficient. Despite being a significant navigational technology 

advancement through their incorporation into the Electronic Chart Display and Information 

System this study demonstrates that intelligent maritime routing systems have the potential to 

drastically change maritime operations. Even though there are many potential benefits such as 

increased efficiency and safety as well as the promotion of environmental sustainability achieving 

them will require collaboration from all parties involved in the maritime industry. They play a 

significant role in creating a maritime future that is more resilient, sustainable, and efficient. 

However, difficulties are unavoidable and may arise. Nevertheless, despite these obstacles, the 

chances shouldn’t pass up that innovations like these are present because they have the power to 

advance and transform things. 
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