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Premise 
 

This thesis represents the convergence of the author's doctoral academic and 

professional background with his personal interest in the maritime industry. 

The author has first completed a Master of Science degree in Maritime and Naval 

sciences. Subsequently, he pursued a second Master of Science degree in Management and 

economics. Additionally, he has attended a Postgraduate 2^ Level Master Course focused on 

Ship agency management, finance, and operations. Ultimately, he has enrolled in the 

Doctorate Programme in Maritime Science and Technologies at the University of Genoa. 

Because of his educational background, he has developed an interdisciplinary interest in the 

fields of nautical management and navigation. He has previously worked as a Deck Officer 

with the Italian Navy and currently holds the position of Civilian Officer at the Italian 

Hydrographic Institute. He is responsible for managing the production and update of nautical 

charts (both in traditional and electronic formats) as well as nautical publications such as 

Sailing directions, List of lights, and Notice to mariners. The author, on behalf of the Italian 

Hydrographic Institute, also serves as the national representative for the S-100 Working 

Group of the International Hydrographic Organisation (IHO). Since 2017, he has participated 

in the development of the IHO's new standard S-100, which will be preparatory for the 

practical application of the IMO's e-navigation concept. Within this particular framework, he 

has begun to develop a research interest in S-100 and e-navigation, which has subsequently 

influenced his Doctorate experience at the University of Genoa.  

This thesis marks the last phase of a three-year path that saw the author thoroughly 

immersed in the field of e-navigation from both an academic and professional standpoint. 

Participating in IHO's S-100 working group has enabled him to get up-to-date data and 

information from both institutions and industry, as well as actively contribute to the 

advancement of the standard. The partnership with IHO has enabled him to collect data and 

conduct research, the findings of which have been disseminated not only in this thesis, but 

also at conferences and papers. A paper focused in analysing the influence of e-navigation 

over seafarers has been published by the WMU Journal of Maritime Affairs1. Another paper 

 
1 Palma, V., Giglio, D. & Tei, A. Investigating the introduction of e-navigation and S-100 into bridge related 

operations: the impact over seafarers. WMU J Marit Affairs 22, 37ï58 (2023). https://doi.org/10.1007/s13437-

022-00286-y 
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focused on shipping companies has been submitted for publications. Attending international 

conferences has enabled him to engage with other scholars and specialists, thereby refining 

the research question and its corresponding analysis. In 2022, the ñEvaluating the operational 

and economic impact of the introduction of S-100 and e-navigation within shipping 

companiesò abstract has been presented at the International Forum on Shipping, Ports and 

Airports (IFSPA). In 2023 the ñInvestigating the application of route optimization algorithms 

(for weather routing) over e-navigation and S-100-based productsò paper has been presented 

at the World Conference on Transport Research (WCTR 2023) in Montreal. A revisited 

version of the paper has been submitted by the WMU Journal of Maritime Affairs2. In 

September 2023 the ñInvestigating the synergies between S-100 and the United Nations 

Sustainability Development Goals for the promotion of S-100-based productsò has been 

presented at the HYDRO 2023 conference in Genoa. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
2 Palma, V., Giglio, D. & Tei, A. Investigating the influence of e-navigation and S-100 over the computation of 

the weather route. WMU J Marit Affairs (2024). https://doi.org/10.1007/s13437-024-00344-7 
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Introduction 
 

This thesis offers an extensive investigation of the operational implementation of the 

e-navigation concept through an analysis of its effects on the various stakeholders engaged 

in maritime operations and its execution of navigation procedures. The International 

Maritime Organisation (IMO) has been actively involved in the formulation and execution 

of an e-navigation strategy since 2006. The objective of this strategy is to implement 

navigation procedures that are consistent with the most recent technological developments 

on the market and are designed to enhance maritime operations. Utilising an integrated 

approach to navigational devices can optimise the utilisation of maritime domain data, 

resulting in improved navigation execution and efficiency. Interesting is to examine the ways 

in which the IMO-designed concept can influence the various actors involved and the 

navigation process itself. 

The optimisation of marine operations is a subject that encompasses multiple 

disciplines and may be examined from various perspectives. By leveraging maritime data 

more efficiently, it is possible to boost operational effectiveness and improve navigational 

safety. The shipping and naval sector has experienced a continuous process of re-evaluation 

of its core operations since the inception of maritime transportation of commodities over 

5,000 years ago. The attribute of innovation has consistently served as a distinguishing 

feature of the most prosperous enterprises. Throughout history, technology has demonstrated 

its remarkable capacity to revolutionise the maritime industry, starting from the utilisation of 

astrolabes during the voyages of discovery in the Modern Age to the advancements 

experienced in the nineteenth century, including steam engines, iron hulls, and screw 

propellers. These advancements have constantly had a profound impact on the sector. An 

interesting analysis for the foreseeable future is how maritime activities will be affected by 

the institutionalisation of integrated electronic navigation. This document studies the future 

of maritime navigation and assess the potential changes of e-navigation on maritime activities 

conducted at sea.  

E-navigation is a highly complex and comprehensive concept that has been created 

by the International Maritime Organisation (IMO).  The concept of e-navigation spans a wide 

range of projects and activities, it refers to the smooth incorporation of digital technologies 
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and standardised information exchange in order to improve marine navigation. The objective 

is to enhance safety, efficiency, and environmental protection by offering standardised data 

and tools for navigation, both on ships and on land. Starting with a transition period, e-

navigation is expected to be implemented on ships through the S-100 Electronic Chart 

Display and Information System (ECDIS). The first S-100 ECDIS will be commercially 

available for purchase and installation on ships beginning January 1, 2026. This 

date represents the beginning of the transition. After, all newly installed systems on board 

vessels will be required to adhere to the new ECDIS performance standards. In addition to 

nautical charts, the new ECDIS will also display a variety of nautical data and information 

that are currently presented in various formats and devices. With e-navigation are no longer 

asked to managing numerous displays and information sources; instead, they already have a 

consolidated representation of all maritime data on a single screen. By means of this 

consolidation, not only is the navigation process streamlined, but it also substantially 

improves the capabilities of decision-making. By providing mariners with an extensive 

collection of maritime data, including traffic conditions, real-time weather updates, and 

navigational hazards, they are able to navigate with an unparalleled level of situational 

awareness and accuracy. Additionally, this copious amount of integrated data enhances the 

decision support capabilities of ECDIS. By utilising their ECDIS interface, mariners have 

immediate and efficient access to predictive analytics, route optimisation algorithms, and 

sophisticated risk assessment tools, which enable them to make well-informed decisions. 

Relevant to this document is the topic of Common Maritime Data Structure (CMDS): 

maritime domain data can be integrated together only if they are structured homogeneously. 

The standard used for the structure is called S-100, and within e-navigation, it is called the 

CMDS. E-navigation utilises the S-100 framework as a standardised system to improve 

safety, efficiency, and environmental awareness in maritime operations. The combination of 

these two notions enhances the interconnectedness and data-centricity of the maritime 

environment..  S-100 pertains to a standardised and systematically arranged format for 

structuring diverse categories of nautical information in a uniform and compatible manner. 

Its primary objective is to enhance the efficiency and effectiveness of maritime data 

interchange, sharing, and utilisation across various systems, applications, and stakeholders 

within the maritime sector. The aforementioned framework guarantees the precise 

organisation, categorization, and labelling of data, hence facilitating the effective processing, 

analysis, and interpretation of information pertaining to navigation, safety, and other nautical 
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endeavours. The establishment of a unified standard for the multiplicity of maritime data 

would facilitate their collective use and integration into novel and valuable information. The 

variety of S-100-structured data will then be organised into S-100-based products and 

supplied on the S-100 ECDIS. The maritime community has developed S-100 based on 

its significant experience with Electronic Navigational Charts (ENCs). The objective of S-

100 is to broaden the electronic approach to encompass all navigation-related data, including 

weather, administrative, oceanographic, and other pertinent information. The S-100 

framework facilitates the standardisation and transformation of maritime data, enabling its 

structuring and conversion into navigational products with practical utility. S-100 based 

products offer mariners the capability to obtain data that is layered and tailored to certain 

purposes. E-navigation could also be operationally examined through the many projects 

created over the past ten years. Initiatives such as Monalisa and SMART-Navigation, while 

intriguing subjects of study, are limited in their ability to offer a comprehensive global 

perspective on the project due to their regional focus. The objective of this study is to conduct 

a comprehensive analysis of e-navigation, taking into account a worldwide viewpoint rather 

than a regional one. To do this, the focus will be on the S-100 framework, which serves as 

the trigger for the broader research. 

Until now, scholars and experts have primarily examined e-navigation from a 

theoretical and broad standpoint. This study explores the topic at the operational level by 

utilising S-100-based products. The research question is to investigate how operationally, e-

navigation through S-100 based products can affect operations out at sea from different 

perspective and considering different time-range. The implementation of S-100-based 

products would provide digital and standardised accessibility for various maritime players to 

the navigation-relevant data of the maritime domain. Despite the existing accessibility of 

these data and information on board, their current availability is fragmented across different 

formats and devices. With e-navigation, navigational data will be computed in an S-100 

compliant structure and can be utilised on a variety of devices, such as the Electronic Chart 

Display Information System (ECDIS), computers, tablets, mobile phones, etc. The analysis 

of how S-100-based products will impact bridge operations is believed to be beneficial to the 

study's goals; a specific focus on ECDIS is provided in Chapter 5. The purpose of 

investigating e-navigation operationally through the analysis of S-100-based products is to 

build a strong foundation to explore its benefits not only in terms of navigational safety but 

also in terms of efficiency and sustainable practices. Considering that, according to IMOôs 
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documentation, e-navigation has the potential to have multidisciplinary operational 

aftermaths, the following pages are meant to investigate the practical implications of the 

application of the concept. The analysis provided is not limited only to the integration of e-

navigation within current navigational practices, Chapter 6 tries to forecast further future 

usages. 

The underlying thesis of this study asserts that the accurate acquisition, management, 

and use of maritime data can lead to improved levels of maritime situational awareness and 

operational effectiveness. The establishment of terrestrial connections between two nodes 

involves the construction of tangible infrastructural elements, such as roads, highways, and 

trains. The adequacy of construction materials, such as bricks and concrete, is insufficient for 

the establishment of these infrastructures. It is important to employ precise technical 

procedures and techniques to ensure their reliability and security. In maritime environments, 

the situation is different as there is no physical infrastructure, except for ports, that can 

facilitate the connection between two nodes. The mariner is obligated to plan and execute a 

route based on precise maritime data. Just like terrestrial infrastructure, the mere presence of 

data is insufficient to guarantee the secure and efficient implementation of navigation. The 

primary objective of S-100 is to enhance the capabilities of ocean infrastructure through the 

development of a framework that facilitates the integration of various data types and the 

establishment of necessary protocols for their aggregation into specified Product 

Specifications (PS). The utilisation of a unified standard will facilitate the management of 

diverse maritime data, regardless of their affiliation with different subdomains such as 

weather, maritime protected areas, currents, or traffic management services. The subsequent 

chapters present illustrations of how structured data in e-navigation might be employed in 

optimisation algorithms and navigational practices. Understanding the specific and practical 

applications of S-100 data in real-time might be advantageous for institutions seeking to 

establish a robust foundation for the comprehensive development of the e-navigation 

concept. If institutions lack the ability to anticipate the impact of the concept on marine 

operations, it may undermine its overall effectiveness. 

Given the limited number of studies undertaken on the operational perspective of e-

navigation, this study approaches the problem at both academic and institutional levels. 

Engaging in academic activities has facilitated the identification of a specific gap in research, 

the acquisition of sector-specific information, and the investigation of the sector's 

conventional response to the introduction of new technologies. Through academic research, 
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not only have the present work's theoretical foundations been established, but also its research 

question has been determined. On the other hand, the engagement with various institutions 

has contributed to the advancement of understanding in the fields of e-navigation and S-100. 

The successful execution of this activity was facilitated by the active involvement in the 

IHOôs working groups that are in charge of the creation and maintenance of the S-100 

standard. Participation in the S-100 working group and S-101 project team has not only 

enabled a more direct approach to the subject matter, but has also facilitated communication 

with the key stakeholders who have played a pivotal role in its development. Active 

participation in the development and testing of S-100 has not only enabled the retrieval of 

current IHO documentation and discussions, but has also contributed to the investigation of 

the research question. The ability to work together with the players directly involved with S-

100 has facilitated the gathering of novel data upon which the offered analysis is founded. 

The participation in the testing and manufacturing of S-100 products at the Italian 

Hydrographic Institute has also been of considerable significance. The work done has 

facilitated the development of a more comprehensive understanding of the capabilities of S-

100 and e-navigation products. As a result of the acquired knowledge, it is now more apparent 

that a e-navigation is a complex topic to be studied. This thesis establishes a link between 

academia and institutions, with the intention of facilitating the development of future 

collaborations that can provide mutual benefits for the entire sector. The non-academic-

exclusive approach reflects the complexity and multidisciplinary nature of the e-navigation 

concept.  

The content of the present thesis is synthesised in the Figure 1. In light of the 

latest developments of S-100 within the larger e-navigation framework, it was realised that 

the ability to foresee per time S-100 and e-navigation operational outcomes is critical for 

making e-navigation and S-100 final deployment more effective. The concept's final 

implementation should be user-driven, and the operational impact should be evident to all 

stakeholders. The initial part of the research illustrates in Chapter 1 the literature review 

conducted to determine whether or not any studies had been produced about the operational 

aftermaths of e-navigation. The literature review has been developed into two concurrent 

axes: efficiency in maritime operations and e-maritime/e-navigation/S-100. This section of 

the study was critical in shaping the research topic addressed in this document. Due to the 

fact that e-navigation and S-100 are still in the design phase, few studies have attempted to 

determine their operational impact. The aim of this thesis is to perform an operational 
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analysis of S-100 and e-navigation, with a particular focus on its potential in the medium and 

long term. Preparatory for the execution of the research work are Chapters 2 and 3. In these 

chapters, the involvement of institutions and the topic of e-navigation and S-100 are 

analyzed. After this part, in order to answer the research question, the analysis has been split 

into two sections: 

- Impact on stakeholders  

- Impact on the execution of navigation. 

 

 

 

Figure 1 E-navigation research flow chart 

 

The analysis focused on stakeholders (Chapter 4) is based on a study conducted in 

collaboration with the IHO. It analyses how e-navigation will impact the manufacturers of S-

100-based products (hydrographic offices), seafarers, and shipping companies. This chapter 

presents an extensive analysis of the potential impacts that e-navigation, enhanced by S-100-

based products, may have on the diverse stakeholders engaged in maritime navigation. 

Considering that this part of the study is based on a questionnaire whose respondents are the 

developers of S-100 for the IHO, it can be considered useful to better understand where the 
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institutions are heading in the development of S-100-based products. The questions analysed 

are meant to study S-100 from an innovative perspective that has never been taken into 

consideration before. The data collected from this research is considered to be of great value 

when answering the research question. The other section of the analysis is focused on 

processes rather than maritime actors; it takes into consideration how the execution of 

navigation can be affected by the introduction of e-navigation and S-100-based products on 

board. This analysis has been split into two sub-processes: 

- Mid term analysis (chapter 5); 

- Long term analysis (chapter 6). 

The fifth Chapter provides practical case studies demonstrating how the correct use of e-

navigation solutions on board can be advantageous in terms of efficiency and safety in the 

mid-term. The aim is to forecast how S-100 can be beneficial within the navigational 

practices used today. The approach presented in this chapter is a manual or nautical approach 

to S-100 data; it can be considered the actual usage of S-100 Product Specifications when 

they will be used on board during the first years. In other words, this section investigates how 

the mariner can benefit from the availability of S-100 data on ECDIS. The sixth Chapter tries 

to forecast a possible application challenge for S-100 data in conjunction with optimisation 

algorithms. The approach presented is more automated and computer science-centred. In the 

future, the considerations presented in this chapter can be useful in defining e-navigation and 

S-100's role in overcoming the role of seafarers and supporting autonomous vessels. This 

section is meant to provide a comprehensive overview of e-navigation potential that can be 

used by institutions to better define the legal framework necessary for the correct and full 

implementation of the concept. The results collected and discussed in Chapters 4, 5, and 6 

are then used to provide the overall operational impact of e-navigation and S-100 over 

maritime operations.  
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Chapter 1: The literature review 
 

1.1 Efficiency in maritime operations 
 

Nowadays, shipping efficiency has become a contentious issue. Technical and 

operational measures can improve efficiency, and maritime companies are adopting energy-

efficient practises to reduce costs and maintain their competitive position (Bal Beĸikci et al., 

2015). In light of the fact that fuel costs can account for 35-70 percent of total vessel operating 

costs (Wigforss, 2012), reducing fuel consumption is one of the challenges confronting the 

maritime industry in the coming years (Bal Beĸikci et al., 2015).  

Bal Beĸikci et al. have attempted to match ship operating data, speed, and weather 

(Bal Beĸikci et al., 2015), and to go beyond the mere speed optimisation and slow steaming 

practise that a portion of the literature has already analysed (Farkas et al., 2022; Psaraftis and 

Kontovas, 2014). Some authors like Bal Beĸikci (2015), Kim et al. (2020), Perera and Mo 

(2016) acknowledge the significance of data as the foundation for energy-efficient ship 

operations; relevant are those studies that have analysed the utilisation of the weather route 

in terms of efficiency (Perera and Mo, 2016; Kobayashi et al., 2015). Munim et al. (2020) 

examined the implementation of Big Data and Artificial Intelligence in the maritime industry 

to increase the efficiency of vessels. The maritime industry generates vast quantities of data 

that can be utilised to enhance navigation, efficiency, and environmental performance. Due 

to the fact that the shortest route is not always the most efficient, the correct utilisation of 

data through optimisation techniques can help reducing total fuel consumption in ship route 

planning (Lee et al., 2018). Within the Industry 4.0 framework and in reference to lower fuel 

consumption, Ang et al. (2017) mention the combination of IoT, data analytics, and 

automated simulations for supporting ship operations and the work of the Officer Of the 

Watch (OOW). Aslam et al. (2020) have introduced and analysed the Internet of Ships 

paradigm, its emerging applications, and its architecture. The incorporation of cutting-edge 

technologies can assist the maritime industry in meeting future challenges and will have an 

effect on the overall competitiveness of shipping companies. Fruth and Teuteberg (2017) 

provide a systematic literature review on the current state of digitization in maritime logistics. 

The potential of Global Positioning System (GPS) data to increase maritime productivity was 

evident to Theiss et al. (2005) 20 years ago. The influence of digitalization on port operations 
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has been studied significantly more than its influence on maritime operations (Heiling et al., 

2017). Internet of Things, big data analytics, artificial intelligence, blockchain, and cloud 

computing are examples of technologies that can be used to optimise different aspects of port 

operations (Lim et al., 2019). 

Interesting is to mention that part of the literature that have analyzed efficiency in 

conjunction with the usage of polar routes. Schyen and Brthen (2011) focused their research 

on the use of the Northern Sea Route (NSR). The shorter distance may improve the vessel's 

efficiency performance. Topaj et al. (2019) report that the availability of meteorological data 

in the Arctic has the potential to improve the energy efficiency of ships. Zhang et al. (2019) 

have created a data-driven model based on network theory to predict energy efficiency in the 

Arctic region. Due to high operational costs, Lasserre et al. predict a limited growth of arctic 

shipping (Lasserre et al., 2016), Cariou and Faury have reached similar conclusions regarding 

bulk shipping (Cariou and Faury, 2015). As potential advantages of utilising the NSR, 

Makarova et al. cite reduced transportation time and costs and lower emissions (Makarova et 

al., 2021). 

The topic of efficiency has found fertile ground in the engineering sector. Tang et al. 

(2018), Nuchturee et al. (2020), and Ritari (2020) are just a few of the authors who have 

analysed the topic of energy efficiency from the perspective of naval engineering. A second 

portion of the literature focuses more on communication engineering (Wei et al., 2021; Zhen 

et al., 2021). According to the Scopus database, nearly 30 percent of the documents found 

with the combination "ship-efficiency-fuel consumption" belong to the Engineering subject 

area, while the Environmental sciences are the second most represented subject area. Burel 

et al. (2013) have first studied how the use of liquified natural gas (LNG) for propulsion can 

influence the environmental impact of merchant ships, bridging the gap between the two 

subject areas. After, Davarzani et al. (2015) in their analysis focused on past and future 

research on green ports and maritime logistics, aim for a more integrated approach in the 

future.  

Improved efficiency means also improved environmental impact of navigation. 

Xiangang et al. affirm that the regulatory framework and the function of available new 

technologies must be contextualised for the reduction of greenhouse gas emissions (Xiangang 

et al., 2020). A reduction in emissions can be achieved not only through the application of 

specific design solutions, but also through managerial practises. In linear shipping, some 

authors have studied how an optimal vessel schedule can be advantageous for reducing both 
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fuel consumption and emissions (Dulebenets, 2018; Qi and Song, 2012). Farkas et al. studied 

slow steaming and its potential for reaching containership energy efficiency requirements 

(Farkas et al., 2022). Slow steaming has become an essential operational practise in the 

shipping industry for reducing fuel consumption and emissions, which can impact both costs 

and environmental footprint (Peliĺ et al., 2023). Degiuli et al. analysed the potential of slow 

steaming to reduce CO2 emissions; in their analysis, the potential in terms of oil consumption 

emerges (Deguili et al., 2021). Chand and Wang (Chang and Wang, 2014) and Fagerholt 

(Fagerholt et al., 2015) reached similar conclusions. 

In addition to reducing fuel consumption and greenhouse gas emissions, an increase 

in efficiency can also improve reliability and safety. Some authors have compared collision 

risk analysis research (Chen et al., 2019; Goerlandt and Montewka, 2015). The application 

of data-driven techniques, such as big data analytics and machine learning, can enhance 

maritime safety (Panagiotidis et al., 2021).  

According to the findings of this study, no documents provide a detailed operational 

explanation of how the advanced digitalization of maritime data will be able to effect the 

efficiency of maritime operations out at sea. Even though the topic of efficiency in maritime 

operations has been analyzed by many authors, no studies have tired to forecast how the 

implementation of e-navigation solutions on board will affect it. 

 

 

1.2 E-Maritime 
 

 E-maritime refers to the application of digital technologies to maritime transportation 

and logistics; it can be viewed as the maritime application of the broader concept of e-

transport. E-maritime has been defined by Graff as "the promotion of the use of all maritime 

data and information, and the distribution thereof, in order to facilitate maritime transport 

and provide value-added services to improve the profitability of shipping" (Graff, 2009). 

Some authors have studied the relationship between e-maritime and e-transport by discussing 

the possibility of integrating maritime and inland transport through the use of digital 

technologies and enhanced data sharing that enables interoperability between various modes 

of transport (Tijan et al., 2021). E-Maritime was first introduced by the European 

Commission in 2006 (Graff, 2009). According to Morrall et al. (2016), the initiative seeks to 

facilitate the flow of goods over the ocean and reduce administrative burdens. In their 2010 

periodic study, the SKEMA Consortium identifies two major challenges that e-Maritime 
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must address: the automation of message exchange and the facilitation of commercial 

transactions (Lynch, 2010).  

For the purpose of this thesis, important is to discuss the relationship between e-

maritime and e-navigation. Weintrit analysed it also in conjunction with e-shipping (Weintrit, 

2016). As shown in Figure 1.1, in 2007, Pillich positioned e-navigation within the broader 

framework of e-transport and e-maritime. According to the author, e-navigation is destined 

to encompass the non-commercial portion of e-maritime (Pillich, 2007).  

 

 

Figure 1.1 - E-Maritime and E-navigation pictured within e-Transport (Pillich 2007) 

 

Vanem offers a distinct viewpoint; in 2014, he introduced the EU E-Maritime initiative as an 

attempt to extend the e-navigation concept to include more commercial concerns. E-maritime 

encompasses all aspects of maritime operations, including cargo handling, port management, 

and shipbuilding (Vanem, 2014). If e-navigation is more concentrated on enhancing safety 

and efficiency, e-maritime encompasses all aspects of maritime operations, including cargo 

handling, port management, and shipbuilding.  

 According to Scopus, e-Maritime is significantly less researched than e-navigation, 

and the number of papers published annually has remained stable since 2009. Its ancillary 

activities, such as Port Community Systems, Data providers, and ship owner and operator 

services, are much more thoroughly investigated. The distinction between e-maritime and e-

navigation is deemed obsolete by the majority of recent studies, which emphasise their 

indistinct boundaries. As far as is currently known, there are few studies analysing how future 

navigational and nautical operations within e-navigation can result in commercial benefits 
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for e-maritime. The focus on the commercial e-maritime benefits has resulted in being scarce, 

and the topic should be better investigated. In the next pages, e-navigation will be considered 

as a part of the broader e-maritime concept. The analysis provided will try to identify those 

commercial benefits that can be obtained through its implementation within the e-maritime 

framework. 

 

 

1.3 E-navigation  
 

Since 2005, e-navigation has received increasing attention. According to the Scopus 

database, 2017 was the most productive year in terms of paper production, and over the past 

five years, interest has increased to a high level (Figure 1.2). The most productive countries 

are North Korea and China, but Poland, the United States, and Germany also make a 

significant contribution. By analysing the document by subject area, over a third of the 

documents are engineering-related, with computer science obtaining 25% of the relevant 

documents. Social Sciences make up 10% of the total number of documents considered. Less 

pronounced is the growing trend in social sciences (Figure 1.4). 

 

Figure 1.2 - E-navigation documents published trend (Source: Scopus) 
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Figure 1.3 - E-navigation document categorized by subject area (Source: Scopus) 

 

Figure 1.4 - E-ƴŀǾƛƎŀǘƛƻƴΩǎ {ƻŎƛŀƭ {ŎƛŜƴŎŜ ŘƻŎǳƳŜƴǘǎ ǇǳōƭƛǎƘƛƴƎ ǘǊŜƴŘ ό{ƻǳǊce: Scopus) 

 

Park D. and Park S. introduce e-navigation as one of the main IMO initiatives 

designed to promote safety, security, and environmental protection (Park D. and Park S., 

2015). The concept enables improved data organisation, exchange, and communication 

between ships and shore (Park N. and Bang, 2016). E-navigation is a broad concept that 

encompasses shore-based operations such as Vessel Traffic Service (VTS) (Tsou and Hsueh, 

2010). Due to the route-exchange functionality, VTS applications are among the most 

researched topics in e-navigation (Baldauf et al., 2018; Tsou and Hsueh, 2010). Future 

developments of the concept will concentrate not only on on-board navigational systems but 

also on shore side traffic management and ship-to-shore, shore-to-ship, and ship-to-ship 

communications (Burmeister et al., 2014). Jeevan et al. analysed the route exchange between 

vessels in 2020 (Jeevan et al., 2020). Within the e-navigation concept, Benedict et al. have 

attempted to implement the Fast Time Simulation method to improve ship training and safety 

(Benedict et al., 2020). E-navigation can make navigation simpler and more affordable, 

according to Weintrit et al. (2007). The author considers e-navigation as an opportunity to 
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ensure a higher level of safety, provide commercial benefits, and respect the freedom of 

navigation (Weintrit et al., 2007). 

 

 

1.3.1 E-navigation and its architecture 
 

As e-navigation is intended to coordinate and integrate multiple communication and 

navigation technologies, one area that has received increased attention from researchers is its 

architecture (Hahn et al., 2016; Rødseth, 2011). IMO considers e-navigation architecture a 

necessary step for the implementation of the concept (IMO, 2009). Aside from IMO, the 

International Association for Marine Aid to Navigation and Lighthouse Authorities (IALA) 

has been one of the main institutions working on the creation of a specialised e-navigation 

architecture (Amato et al., 2011). Maritime stakeholders should have access to accurate and 

timely information through the architecture, which should provide a consistent framework 

for the integration of the various navigational equipment (Weintrit, 2010). Ļoriĺ et al. (2019) 

have provided "an analysis of the existing e-navigation architecture, as well as the concepts 

for future e-navigation architecture regarding ICT technologies" (Ļoriĺ et al., 2019). One of 

the main challenges for e-navigation architecture is to be open to welcoming new 

technologies; this was clear already during the first years of the development of e-navigation 

(Weintrit, 2010). The topic of e-navigation in conjunction with other technologies is of great 

interest to researchers. By integrating the Internet of Things, Wang and Peng (2015) have 

attempted to advance e-navigation architecture. The use of the Internet of Things in marine 

operations is referred to as the "Internet of Ships" by Aslam and Michaelides (2020). They 

have looked at the subject from different angles, as the Internet of Ships can connect ships, 

crews, cargo, and shore infrastructure. It can also connect smart ships, smart ports, and smart 

transportation. The analysis by Aslam and Michaelides of the Internet of Ships' architecture 

revealed five distinct layers: sensing, heterogeneous networks, data computing, services and 

applications, and exhibition (Aslam and Michaelides, 2020). The Internet of Things-based e-

navigation architecture has the potential to increase the efficiency and dependability of e-

navigation (Wang and Peng, 2015). The work by Ļoriĺ et al., which focuses on autonomous 

ships, offers a glimpse into the future and an open e-navigation architecture that can 

accommodate them (Ļoriĺ et al., 2019). 

As far as has emerged, the technical analysis of e-navigation through its architecture 

results in the e-navigation aspect that has been more investigated by the maritime community. 
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The literature production reflects the efforts made by the various stakeholders, which to date 

have been mainly concerned with building e-navigation's technical foundations. 

 

 

1.3.2 E-navigation safety benefits 
 

Numerous studies have demonstrated how the current ECDIS, along with Automatic 

Identification System (AIS) and GPS, can be used to predict danger zones and prevent 

accidents (Tsou, 2016; Psarros, 2015); since poor situation awareness is one of the leading 

causes of maritime accidents, navigation safety can benefit from automation of navigation 

(Tsou and Hsueh, 2010). According to IMO estimations, using e-navigation properly can 

reduce crashes and groundings by 65% (Baldauf and Hong, 2016). The European Maritime 

Safety Agency have conducted research of accidents that occurred between 2014 and 2019, 

54% of them were thought to be caused by human behaviour (EMSA, 2020). Relevant is also 

the research conducted in Korea, human error is to blame for more than 90% of all 

navigational mishaps (Baldauf and Hong, 2016). The human component and a lack of 

maritime awareness, as emphasised by a number of authors (Chauvin et al., 2019; Goerlandt 

et al., 2015), are the primary factors that contribute to vessel collisions. Weintrit emphasises 

that marine incidents continue to happen despite the availability of ship-based and shore-

based technologies capable of enhancing situational awareness (Weintrit, 2016). E-

navigation, in Bergmann's opinion, is meant to encourage the generation and application of 

data that can improve maritime situational awareness (Bergmann, 2013). Jeevan et al. 

emphasise how e-navigation is intended to strengthen the reliability of marine operation by 

fusing human activities with navigational technology in their discussion of navigation safety 

(Jeevan et al., 2020). Patraiko et al. (2010) emphasise the significance of the data quality 

assessment, emphasising that the user should be aware of the probability of mistakes. They 

argue that the use of digit data alone is insufficient to reduce mortality at sea. According to 

the Korean SMART-navigation project's findings, e-navigation is anticipated to cut accidents 

by more than 56% (Baldauf and Hong, 2016). According to Porathe and Rødseth (2019), 

improving collective situation awareness and improving interactions between people and 

autonomous technologies can potentially solve numerous maritime issues. 

Considering that shipping is getting more and more digitalized (Lee and Ørnulf, 2018) 

and vessels are becoming more and more bigger, mariners need to focus on those relevant 

data that are necessary for critical-decision making support (Park D. and Park S., 2016). Grant 
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et al. consider anti-collision an important part of e-navigation, the integration of various data 

sources can be beneficial for maritime transportation (Grant et al., 2009). Tsou and Hsueh 

have examined the advantages of the Ant Colony Algorithm in relation to both anti-collision 

and anti-grounding benefits (Tsou and Hsueh, 2010). The investigation of safety and anti-

collision characteristics is a prominent focus within the e-navigation literature, due to its 

potential benefits. In addition to the focus on anti-collision measures, the study of anti-

grounding perspectives appears to have received less attention from authors and remains 

relatively understudied. There is currently a lack of a comprehensive study that integrates 

anti-grounding, anti-collision, and examines the potential impact of performing certain 

operational activities within the e-navigation framework. Chapters 5 and 6 and part of 

Chapter 4 will provide specific analysis aimed at underlying the e-navigation operational 

benefits. To guarantee the optimum development of e-navigation, this gap in the literature 

should be filled. 

 

 

1.3.3 E-navigation commercial and environmental benefits 
 

Based on the provisions outlined in the document of the Maritime Safety Committee 

MSC 81/23/10, it can be inferred that e-navigation possesses inherent commercial benefits. 

The concept is forecasted to be capable of reducing costs in the long-term through the 

reduction of errors and the easing of navigation. According to Weintrit (2018), e-navigation 

has the potential to address route optimisation challenges. The author examines the optimal 

navigation path in ice conditions as well as the utilisation of winds and currents. 

Jeevan et al. (2020) argue that the use of e-navigation has the potential to enhance 

human activities and improve efficiency within the context of sea transportation. The impact 

of this concept on the productivity of maritime operations has been evaluated by Jeevan et 

al. (2020). Vanem (2014) cited the use of the Marine Electronic Highway system in the Straits 

of Malacca and Singapore as an illustration of how e-navigation might impact the 

effectiveness of ship operations. Interesting is to mention how Lee and Ørnulf examined e-

navigation in relation to the IMO's Maritime Service Portfolios and the fourth technological 

revolution in modern shipping (Shipping 4.0). The authors have connected each IMO's 

Maritime Service Portfolio listed in the E-navigation Strategy Implementation Plan with the 

aforementioned technologies by considering specific Industry 4.0 technologies like Internet 

of things, Cyber-physical systems, and Big Data (Lee and Ørnulf, 2018).  According to Park 
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D. and Park S., in relationship to growing vessel traffic and marine activities at sea, the 

interest over marine services is increasing (Park D. and Park S., 2017), Weintrit analyses the 

pilotage and tug services within the Maritime Service Portfolio and e-navigation framework 

(Weintrit, 2020). The authors, Orlandi et al. (2021), have demonstrated the potential benefits 

of digitising e-navigation data through the weather route example. They developed a 

prototype system that effectively integrates atmospheric, oceanographic forecast, and ship 

models, and presents the outcomes in an open source ECDIS-like system. 

In order to determine the best navigational techniques, to manage emissions, and to 

promote energy efficiency, e-navigation will also play a crucial role alongside the Ship 

Efficiency Management Plan (SSEMP) (Perera and Brage, 2016). The preservation of the 

marine environment may also benefit from its operational application (Park N. and Bang, 

2016; Weintrit et al., 2007). Sari emphasises the advantages associated with greater human 

resource management and environmental conservation (Sari, 2017).  

In general, while there is growing interest in the possibilities of e-navigation in terms 

of efficiency, the direct link that enables a deeper understanding of how operationally can 

affect commercial services is still being studied. Insufficient research and analysis have been 

conducted thus far about the impact of e-navigation on the potential enhancement of 

environmental sustainability in navigation practises. This analysis is considered to be of great 

value for e-navigation promotion throughout the maritime industry. As it will be shown in 

Chapter 3, the main actors involved in e-navigation and S-100 development are institutions; 

the involvement of private stakeholders can be considered beneficial for the whole process. 

Studies focused on the e-navigation commercial and business impact can play a great role in 

this process. 

 

 

1.3.4 E-navigation regional programs  
 

A portion of the literature on electronic navigation is devoted to the operational 

analysis of electronic navigation in certain contexts. Many nations have become interested in 

e-navigation during the past 10 years and are interested in implementing the concept in order 

to achieve particular goals. Members of the IMO are interested in e-navigation on a national 

and regional level as well (Baldauf and Hong, 2016). Beginning in 2009, the European Union 

began working on e-navigation projects; the first ones to be completed were EfficienSea, 

Motorways and Electronic Navigation by Intelligence at Sea (MONALISA), Shore Traffic 
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Coordination Centre (STTC), Accessibility for Shipping, Efficiency Advantages and 

Sustainability (ACCSEAS), and Sea Traffic Management (STM) (Porathe, 2015). In 

addition, other nations have shown interest in e-navigation since its inception, including 

Japan (Electronic Navigational Support Systems (ENSS) and Korea (SMART-Navigation 

Project) (Du et al., 2016). EfficienSea's mission is to promote information exchange between 

the maritime sectors (Du et al., 2016); the MONALISA project focuses on strategic route 

exchange; the STTC on route validation; ACCSEAS on the tactical route and decisions to be 

made between 10 and 90 minutes; and STM on real-time-based information (Lind et al., 

2016). To prevent collisions and increase safety, the aforementioned EU projects are all 

centred on route exchange (Porathe and Rødseth, 2019). Outside the EU, the Korean Smart-

navigation system offers services to ships that are not SOLAS-compliant (Song et al., 2019; 

Baldauf and Hong, 2016). In the last decade, academics have tried to shift their attention from 

theory to practise through the analysis of certain e-navigation projects. If Porathe (2015) has 

examined EU projects up to 2015, Rivkin (2020) expanded that analysis to include non-EU 

initiatives and considered projects carried out between 2015 and 2019: S-MODE, 

EFFICIENSEA 2, EFFICIENTFLOW, ENSI, HULL TO HULL, SEDNA, A-SUITE, STM 

VALIDATION, SMART -NAVIGATION, SESAME. 

According to what has been discovered from the literature evaluation, a wide-ranging 

comprehensive study on the operational application of e-navigation in navigation is not 

accessible. Instead, the operational analysis offered in the various works is concentrated on 

particular projects and is characterised by a regional component. The secondary objective of 

this thesis is to offer a comprehensive analysis that extends beyond the scope of regional 

programmes. The S-100 has been seen as an e-navigation development that facilitates the 

examination of the notion from a worldwide standpoint, as opposed to a regional one. 

 

 

1.4 S-100 
 

A "unified theory and application framework for future modelling, coding, 

visualisation, exchange of maritime geographic information, and production and delivery of 

data products and services" is provided by the IHO standard S-100 (Duan et al., 2021). S-

100 has been used as the Common Maritime Data Structure within the e-navigation 

framework (Park et al., 2013). In fact, e-navigation services will be provided in a format that 

is S-100 compliant; the association of S-100 with the CMDS concept has piqued the interest 



30 
 

of many organisations applying S-100 to their domain (Park D. and Park S., 2015). The 

CMDS is intended to facilitate data sharing and exchange between the various e-navigation 

services. Lee and Ørnulf present S-100 as one of the basic pillars required for the 

development of e-navigation (Lee and Ørnulf, 2018); its importance is underlined by Task 

14 of the IMO's Strategy Implementation Plan that specifically addresses S-100 development 

(Weintrit, 2018). Considering that S-100ôs development is prior to e-navigation (Bergmann, 

2013), Butkiewicz et al. see the standard as the driver of the next generation of data sets 

(Butkiewicz et al., 2022). Choi et al. stress that, in contrast to the existing standard used for 

electronic navigation charts, S-100 is not intended to support solely ENCs and hydrographic 

data (Choi et al., 2021). Alexander and McLeay provide a brief history of IHO S-57ôs 

Maritime Information Overlay (MIO) which can be considered the closest ancestor to the S-

100 idea (Alexander and McLeay, 2015). References to MIOs can also be found in Luo et 

al.'s 2020 study (Luo et al., 2020). Alexander et al. (2007); Duan et al. (2021); Weintrit 

(2011); and Ward et al. (2008) have all given overviews of S-100. Lee et al. have examined 

the S-100-based product standards (Lee et al., 2022). According to Duan et al., whereas the 

majority of the material written before 2015 concentrated more on the theoretical 

underpinnings of S-100, starting in that year the emphasis shifted to the S-100 software tools, 

new goods, and new services. According to Duan et al. (2021), the majority of S-100-related 

research is concentrated on the implementation of S-100's main technologies (feature 

catalogue, application model, etc.) and the usage of S-100 as CMDS inside e-navigation. Park 

G. et al. have studied the design and implementation of the Display Module for S-101 (Park 

G. et al., 2014), Park D. and Park S. have analysed the development of a data management 

system capable of supporting the management of the variety of maritime data within S-100 

(Park D. and Park S., 2015), and in other works they have presented a multi-domain data 

utilisation structure for e-navigation (Park D. and Park S., 2016) and a method for consistent 

display and integration of multiple domainsô S-100-based data (Park D and Park S., 2017). 

S-100 portrayal and the potential of 3D visualisation have been studied by Butkiewicz et al. 

(Butkiewicz et al., 2022). Other authors have been focused on analysing the usage of 

metadata within S-100 PS, the proper ontology enables higher levels of interoperability to be 

reached (Park D. et al., 2013). Lee and Ørnulf have studied how S-100 will be capable of 

managing non-geographic operational data (Lee and Ørnulf, 2018). 

It is interesting to mention that part of the literature has tried to analyse S-100 directly 

together with the Maritime Service Portfolios. Weintrit has analysed e-navigation and S-100 
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in conjunction with the Maritime Service Portfolio (MSP) and proposes a revision of them 

capable of better taking advantage of S-100's potential (Weintrit, 2018). Zhang et al. have 

analysed Vessel intelligent transportation maritime service portfolios in port areas 

(VITMSPPA) under e-navigation and the S-100 framework. The authors established a 

VITMSPPAôs S-100 data model (Zhang et al. 2020). 

In addition to its function as a CMDS, Contarinis et al. analysed the topic in relation 

to Marine spatial planning, the preservation of the marine environment, and maritime 

transportation (Contarinis et al., 2020). 

According to the literature review, a comprehensive study analysing the operational 

impact of the S-100 has not yet been conducted. The development of the standard has 

captured the attention of both academia and industry. In the following chapters, the present 

document attempts to address this void by investigating S-100 operations. 
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Chapter 2: The involvement of IMO, IHO and IALA in the e-navigation 
development 
 

IMO plays an undeniable role in the development, progress and promotion of e-

navigation. Nevertheless, without the inclusion of collaborative efforts and input from other 

organizations, the full development of e-navigation systems is an overwhelming task for the 

IMO. In order to achieve its aims, IMO engages in collaborative efforts with other 

organisations, leveraging their specialised knowledge and skills in certain subject domains. 

This chapter examines the participation of three international organisations in the 

development of e-navigation: IMO, IHO and IALA. 

The collaboration between IMO, IHO and IALA in the domain of e-navigation plays 

a pivotal role in ensuring the smooth advancement, implementation, and adoption of 

electronic navigation technology. These organisations engage in collaborative efforts to 

produce mutually agreed-upon standards, regulations, and best practises, while also fostering 

cooperation among various players within the maritime sector. The current chapter aims to 

enhance the understanding of the context in which the e-navigation and S-100 idea have been 

established. The establishment of a comprehensive understanding of the allocation of tasks 

is considered as advantageous in delineating the specific characteristics and capabilities of e-

navigation. 

 
 

2.1 IMO and its development in e-navigation 
 

 The International Maritime Organisation is a specialised agency of the United Nations 

that has been entrusted with the responsibility of safeguarding maritime navigation and 

international shipping. Preventing marine pollution, protecting marine life, and improving 

the sustainability of maritime shipping activities represent some of the organization's biggest 
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issues. The Member States of the organisation develop treaties, rules, and recommendations 

pertaining to maritime safety and pollution with the aim of attaining its stated mission. 

Regarding a particular need, the IMO's actions can be categorised as reactive or 

proactive. IMO demonstrates its proactive nature when it is capable of anticipating future 

trends and opportunities and actively pursues them. By developing or updating international 

regulations, promoting the use of new technologies and practises, and implementing 

capacity-building initiatives, proactive measures are taken. It has a reactive character when 

its actions are the consequence of observing specific situations (Tarelko, 2012). In the event 

of significant oil spills or ship collisions, for example, the organisation establishes emergency 

response protocols and guidelines. The IMO's approach to e-navigation is unquestionably 

proactive. The concept entails being able to meet the technological requirements of the 

shipping industry and maximising the potential of not only the navigational technologies used 

onboard but also the supporting shore services. Its proactive nature makes studying its 

evolution more difficult and intriguing. The success of a proactive action depends on the 

capacity of member states, industry, academics, and technical experts to collaborate. A vision 

of how the next generation of maritime navigation will benefit from the availability of 

particular capabilities serves as the point of departure, a specific analysis is provided in 

Chapter 4. IMO's proactive approach to e-navigation entails a set of essential activities that 

must be managed collaboratively: 

- Development of a strategic implementation plan with the roles and responsibilities of 

the various stakeholders; 

- Development of a series of guidelines and standards for e-navigation; 

- Establishment of working groups and committees involved in the concept 

development and implementation; 

- Support initiatives for the promotion and adoption of e-navigation; 

- Engagement with a variety of stakeholders of the maritime community through 

participation in industry and academic events and conferences. 

According to the first e-navigation paper presented at the Maritime Safety Committee 

(2010), the objective of the concept was to ñédevelop a strategic vision for the utilization 

of existing and new navigational tools, in particular electronic tools, in a holistic and 

systematic manner. E-navigationé would help reduce navigational accidents, errors and 

failures by developing standards for an accurate and cost-effective system that would make 

a major contribution to the IMOôs agenda of safe, secure and efficient shipping on clean 
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oceans.ò (MSC 81/23/10). Since its conception, the concept has been conceptualised with a 

multidisciplinary objective in mind, including navigational safety, commerce efficiency, and 

environmental considerations. E-navigation results in a comprehensive framework capable 

of addressing the various IMO-responsible objectives. Due to its multidisciplinary nature and 

proactive approach, e-navigation is difficult to approach and develop. In order to achieve 

IMOôs goals more effectively, all stakeholders that will be influenced by the e-navigation 

revolution must be involved in its development. E-navigation development is a phased, 

iterative process that must be able to adapt to a dynamic environment in which user 

requirements and technologies are constantly evolving. Its evolution consists of multiple 

phases, such as research, development, testing, and implementation; the outcomes of each 

phase will identify areas for improvement that will influence the subsequent phases. Each 

phase's feedback will permit the concept to be refined towards best practises. 

IMO places significant emphasis on the role of new technologies, as outlined in its 

Strategic Plan. It acknowledges that these technologies have the potential to act as a catalyst 

for the emergence of new opportunities, while also posing a potential threat to the safety of 

navigation. In order to achieve a favourable balance between positive and negative 

consequences, the organisation has designated "Integration of new and emerging 

technologies into the regulatory framework" as one of its strategic direction for the period of 

2018-2023. The regulation and management of the implementation of new technologies are 

imperative in order to ensure the preservation of safety, security, and environmental well-

being (IMO, 2022). The "Strategy for the development and implementation of e-navigation" 

document acknowledges the safety, security, and environmental challenges, in addition to 

two supplementary objectives are identified: enhancing the utilisation of technologies in 

providing information for the shipping industry and guaranteeing that "new equipment... is 

manufactured with the needs, skills, and abilities of all users in mind". 

 Evidence of IMO's involvement in the development of e-navigation can be found in 

its MSC's 2006 documents. The Committee specialises in a comprehensive approach to 

maritime safety and security issues; its activities include not only updating the Safety Of Life 

At Sea (SOLAS) Convention and the Standards of Training, Certification, and Watchkeeping 

(STCW) Convention but also addressing new challenges such as autonomous ships, cyber 

security, etc. The Committee has emerged as the best location to begin constructing the e-

navigation framework due to its prior involvement with electronic navigation technologies 

and the associated SOLAS amendments. E-navigation is a complex concept; the decision to 
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design it under the MSC demonstrates that the IMO and its Member States have prioritised 

the regulation of its safety and security aspects. The Committee is a subsidiary and technical 

body of IMOôs Council, its objectives are to ñé consider any matter within the scope of the 

Organization concerned with aids to navigation, construction and equipment of vessels, 

manning from a safety standpoint, rules for the prevention of collisions, handling of 

dangerous cargoes, maritime safety procedures and requirements, hydrographic 

information, log-books and navigational records, marine casualty investigations, salvage 

and rescue and any other matters directly affecting maritime safetyò. MSC is one of the five 

IMO policy-making committees with the MEPC (Marine Environment Protection 

Committee), FAL (Facilitation Committee), LEG (Legal Committee), and TC (Technical Co-

operation Committee). Together with MEPC, the Committee coordinates the activities of 

seven technical subcommittees (Figure 2.1) tasked with developing specific technical topics. 

Even though the concept is also pertinent to the HTW (Human Element, Training, and 

Watchkeeping) and SDC (Ship Design and Construction) subcommittees, the NCSR 

(Navigation, Radiocommunication, and Search and Rescue) subcommittee is more in line 

with e-navigation goals.  

 

 

Figure 2.1 - IMO's Policy making committees and technical sub-committees 

 

According to Annex 40 of MSC 92/26/Add. 3, "Terms of Reference of the restructured sub-

committees," the NCSR is responsible for the regulation of navigation, 

radiocommunications, and carriage requirements. NCRS has been involved with the "E-

navigation Strategy Implementation Plan" since 2014 in its development, finalisation, and 
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adherence to the IMO Formal Safety Assessment (FSA)3. In 2019, the subcommittee 

prepared for MSC endorsement another e-navigation-related document, the "Initial 

description of Maritime Services in the context of e-navigation". 

 Outside IMO, the E-navigation development process is supported by the expertise of 

IHO, IALA, World Meteorological Organisation (WMO), and International Maritime Pilots' 

Association (IMPA). IHO has been tasked with the development of the CMDS and the 

coordination of specific Maritime Service Portfolios due to its experience with ECDIS-

related standards: the Maritime Safety Information Service, the Nautical Chart Service, the 

Nautical Publication Service, and the Real-time hydrographic and environmental 

service.  IALA has been tasked on two levels, apart from the development of specific e-

navigation products, the organization has a crucial role in e-navigation architecture.  

 

 

2.2 IHO involvement in the e-navigation development, the CMDS and S-100-based 
Product Specifications 
 

 IHO is the International Hydrographic Organisation, and its main goal is to ensure 

that all of the world's seas, oceans, and navigable waters are surveyed and charted. IHO is 

responsible for coordinating and standardising how the various national hydrographic offices 

deliver their products. IHO's efforts are intended to impact not only hydrographers but also a 

wide range of stakeholders whose activities rely on the use of nautical charts and publications 

(marine environment protection, search and rescue, tourism, maritime commerce, fishing, 

etc.). As Figure 2.2 shows, the organisation has 98 Member States that collaborate through 

committees (IRCC ï Interregional Coordination Committee and HSSC ï Hydrographic 

Services and Standards Committee) and working groups. Despite the fact that both IHO 

Committees are involved in the development of S-100, the HSSC's S-100 Working Group 

(S100WG) is primarily responsible for S-100 and the related IHO S-100-based Product 

Specifications. S100WG is the IHO working group responsible for standard development and 

maintenance. The WG oversees the administration of the S-100 Geospatial Information (GI) 

Registry and provides guidance and support for the creation of IHO and non-IHO S-100-

based PS. Continuously engaged in correspondence, the WG meets once a year to deliberate 

 
3 FSA has been described by IMO as ña rational and systematic process for assessing the risks associated with 

shipping activity and for evaluating the costs and benefits of IMO's options for reducing these risks". Through 

five steps, FSA can be used for the evaluation of new regulations and proposals (identification of hazards, 

assessment of risks, risk control options, cost-benefit assessment, recommendations for decision-making). 
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S-100 issues, exchange knowledge, and approve amendments to the standard. S-100WG is 

also responsible for S-98 (Data product interoperability in S-100 Navigational Systems), S-

99 (Operational Procedures for the organisation and management of the IHO Geospatial 

Information Registry), S-101, and S-102. Other HSSC-operating working groups are 

responsible for the creation and maintenance of other S-100-based Product Specifications 

(Tides, Water level, and current WG for S-104 and S-111, the Nautical Information Provision 

WG (NIPWG) for S-122 and S-123, etc.). IRCC, on the other hand, is responsible for 

coordinating hydrographic surveying and charting activities among the various regional IHO 

hydrographic commissions. IRCC's efforts within S-100 are intended to ensure that the 

standard is implemented consistently throughout the world. 

 

 

Figure 2.2 ς LIhΩǎ aŜƳōŜǊ {ǘŀǘŜǎ όƛƴ ƎǊŜŜƴύ ŀƴŘ bƻƴ-member Coastal States (in yellow) 

 

 

2.2.1 IHO strategy for S-100 implementation 
 

The development of the S-100 has become one of IHO's most significant challenges. 

In November 2022, Version 2.1 of the document titled "Roadmap for the S-100 

Implementation Decade" captured the organisation's perspective on this subject. According 

to the document's introduction, it "constitutes a transition plan aiming at the regular and 

harmonised production and dissemination of S-100-based products". The document 

identifies the IHO GI Registry, the Feature Catalogue Builder (FCB), and the Portrayal 
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Catalogue Builder (PCB) as the primary components of the S-100 architecture and highlights 

their significance in compiling PS. The S-99 publication has been issued for the 

administration of the GI Registry, which is an online platform that provides access to the S-

100 world, its features, and the various PS developed under its framework. The FCB is a 

software utility used to generate a Feature catalogue containing a structured description of 

the dataset's features. The PCB is an additional software tool that defines the portrayal 

principles for a dataset's various characteristics (it specifies how characteristics should be 

displayed at various scales or in different contexts).  

To allow S-101 to overtake S-57, a transition period with a dual-fuel ECDIS able to 

read both S-57 and S-100 products is established. National Hydrographic Offices are required 

to begin native production of S-101 ENCs in 2025; however, production of other S-100-based 

products can begin without waiting for the ultimate implementation of S-100 ECDIS. During 

the duration of Dual ECDIS, the primary objective is to produce a comprehensive portfolio 

of S-101 nautical charts. S-101 is a prerequisite for the development of other S-100-based 

PS. In the Roadmap, the significance of synchronisation with IMO, industry collaboration, 

capacity-building initiatives for hydrographic offices, and the creation of a global distribution 

capability are highlighted. The document proposes beginning production of S-101 ENCs in 

2025 and progressively increasing their availability throughout 2026. The document has been 

designed with three essential annexes: 

- Annex 1: Collaboration with IMO and other coordinating bodies. The development 

of the S-100 must take into account the needs of the other stakeholders involved in 

its evolution (WMO, IALA , International Electrotechnical Commission (IEC), 

International Harbour Masters Association (IHMA) , and the Inland ENC 

Harmonisation Group). Making S-100 operational is not a simple task, requiring 

precise coordination between all involved parties; 

- Annex 2: S-100 Timelines (including a synoptic diagram on viewpoints for HOs for 

the concurrent production of S-101 and S-57 ENCs). IHO has identified two steps for 

the orderly development of the standard (see Table 2.1): the first step is related to the 

development of those product specifications that will be used in "Route monitoring 

mode" (S-101, S-102, S-104, S-111, S-124, and S-129), and the second step will 

address "Route planning mode" (S-122, S-123, S-125, S-126, S.127, S-131). The 

development of the S-100 main document, S-98, S-128 (Catalogue of Nautical 

Products), and S-164 (Test Data Sets for S-100 and ECDIS Type Approval) is 
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preparatory for both segments. The current version of S-98 focuses on implementing 

integration between first-step Product Specifications; integration with other PS will 

be implemented at a later time. Annex 2 contains a production schedule for S-101 

products during the Dual Fuel ECDIS period;  

- Annex 3: Worldwide Electronic Navigational Chart Data Base Committee (WEND) 

S-100 Principles. The principles are intended for the distribution of electronic 

navigational products; they establish a common framework that enables the diverse 

actors involved in the production and distribution of S-10X products to collaborate 

on the basis of predetermined principles. 

 

IHO list of S-100 products with special focus 

FIRST STEP ï ROUTE MONITORING MODE 

S-101 Electronic Navigational Charts (ENC) 

S-102 Bathymetric Surface 

S-104 Water Level Information for surface Navigation  

S-111 Surface Currents 

S-124 Navigational Warnings 

S-129 Under Keel Clearance Management 

CRITICAL FRAMEWORK 

S-99 IHO Geospatial Information Registry 

S-98 Interoperability Specification 

S-100 Universal Hydrographic Data Model 

S-128 Catalogue of Nautical Products 

S-162 Test Data Set for S-100 and ECDIS Type Approval 

SECOND STEP ï ROUTE PLANNING MODE 

S-122 Marine Protected Areas 

S-123 Marine Radio Services 

S-125 Marine Aids to Navigation (AtoN) 

S-126 Marine Physical Environment 

S-127 Marine Traffic Management 

S-131 Marine Harbour Infrastructure 

Table 2.1 - S-100 Implementation Priorities. The first step is product specifications for Route Monitoring, Route Planning 
will be developed in a second moment (Source IHO, 2023) 

 

 

2.3 IALA involvement in the e-navigation development, the WWRNS and S-20X PS 
 

 The International Association of Marine Aids to Navigation and Lighthouse 

Authorities (IALA) is a non-governmental body that assumes the responsibility of 
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standardising aid to navigation protocols, promoting efficient shipping practises, and 

contributing to the conservation of the marine ecosystem. Considering the broad scope of e-

navigation, IALA has identified a key objective within its domain to enhance collaboration 

with other relevant institutions, particularly IMO and IHO. The vision of IALA encompasses 

various commercial phenomena, including the economic expansion of specific maritime 

routes, the growing size of vessels, the average age of the global fleet, and the advancements 

in bridge-related technologies. 

 For e-navigation, IALA is involved on two levels: 

- Development of the technical service infrastructure necessary for the streaming of 

data; 

- Development of the S-200 product specifications. 

 Concerning the first objective, IALA is developing the WWRNS (World Wide Radio 

Navigation Service) to provide a "robust electronic position, navigation, and timing system 

(with redundancy)" and "an agreed infrastructure of communications to link ship and shore" 

(IALA, 2012) 

 

.  

Figure 2.3 - Candidate systems to provide robust positioning, navigation and timing. The one in gray are already 
recognized by IMO as part of the WWRNS (Source: IALA) 



42 
 

 

The integration of terrestrial systems such as DGNSS beacons, e-Loran, and AIS within the 

framework of the WWRNP aims to enhance the accessibility and efficiency of utilising 

diverse broadcasting techniques. This integration facilitates the utilisation of shared data 

channels and correction sources across many broadcasting methods. Based on the e-

navigation implementation plan, it is indicated that within e-navigation, the utilisation of any 

radio navigation system recognised by the IMO will effectively contribute to achieving the 

most accurate position fix for the ship. Already in 2007, IMO emphasised the need for "an 

internationally agreed alternative system for complementing the existing satellite 

navigation". According to IALA, e-navigation requires precise positioning, navigation, and 

timing, which can be ensured by three components:  

- GNSS (Global Navigation Satellite System); 

- Augmentation of GNSS; 

- Adequate backup in case of GNSS failure.  

According to the organisational structure of the WWRNS, as seen in Figure 2.3, 

IALA  assumes sole responsibility for the terrestrial and ground-based systems. Despite 

relying on satellite transmissions, Satellite Based Augmentation Systems (such as EGNOS 

and WAAS) necessitate the presence of terrestrial equipment in order to operate effectively. 

IALA is in charge of representing the maritime interests of these technology operators. 

Aside from the WWRNS, IALA is also responsible for the development of specific 

product specifications based on S-100. For its purposes, the numbering from S-201 to S-299 

has been assigned to IALA product specifications S-100. The organisation has already 

developed the following product specifications: 

- S-201 Aids to navigation information. The PS provides a standard structure for the 

exchange of Aid to Navigation (e.g., lighting, buoys, AIS, beacons, etc.) information. 

Each object is provided with information regarding its position, properties, status, and 

general comments; 

- S-210 Inter-VTS Exchange Format. The PS provides a format to exchange traffic 

image data between VTS centers (Figure 2.4); 
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Figure 2.4 -Exchange of data between VTS centers (Source: IALA) 

 

- S-211 Port Call Message Format. The PS provides a standard form for sharing 

information regarding port call-related activities. The format was derived from the 

MONALISA 2.0 and STM validation initiatives and then transformed into a product 

specification compliant with S-100. Information such as the estimated time of arrival 

and estimated time of departure will be shared more readily as a result of S-211, which 

aims to improve coordination between the various port call stakeholders; 

- S-212 VTS Digital Service. The purpose of the PS is to provide vessels with guidance 

and VTS services. It provides a steady supply of information regarding maritime 

traffic between the VTS station and ships; 

- S-230 Application Specific Messages (planned to be produced); 

- S-240 DGNSS Station Almanac. DGNSS is utilised to determine the location of users 

via a network of ground-based stations capable of broadcasting the difference 

between the position provided by the GNSS satellite and the known fixed positions 

within a range of 250 kilometres. The DGNSS Station Almanack enables the 

exchange of data pertaining to these stations; 

- S-245 eLoran Additional Secondary Factor (ASF) data. eLoran is the only terrestrial 

radio-navigation system available internationally. S-245, S-426 and S-427 will allow 

to manage its potentialities in accordance with S-100; 

- S-246 eLoran Station Almanac; 

- S-247 Differential e-Loran Reference Station Almanac. 
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Not only are all IALA PS compliant with S-100, but also with S-99. This indicates that they 

are registered in the IHO-managed GI registry. The IALA ARM (Aids to Navigation 

Requirements and Management) Committee and IALA Guideline G1106 "Producing an 

IALA S-200 Series Product Specification" govern their development. 

 

 

2.4 Collaboration for the development of e-navigation and S-100 
 

To advance e-navigation and optimise the benefits of S-100 and its operational 

applications, collaboration among the IMO, IHO, IALA, and private stakeholders is vital. 

In order to optimise the capabilities of S-100, a comprehensive strategy is required, 

which entails the cooperation of diverse stakeholders operating at various hierarchical levels. 

Through collaborative efforts, these interested parties can effectively tackle obstacles, 

discern advantageous circumstances, and establish an all-encompassing structure for 

electronic navigation, thereby augmenting maritime industry safety, efficiency, and 

sustainability. 

The subsequent chapter further broadens the scope of the analysis to encompass 

hydrographic offices at the production level, shipping corporations at the strategic level, and 

seafarers at the operational level. Moreover, the analysis takes into account both the 

intermediate and distant future, acknowledging the dynamic characteristics of electronic 

navigation technologies and the continuous requirement for adjustment and innovation in 

order to face forthcoming obstacles and prospects. 
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Chapter 3: What is e-navigation and S-100 
 

E-navigation is defined within IMOôs official documents as "é the harmonized 

collection, integration, exchange, presentation, and analysis of marine information on board 

and ashore by electronic means to enhance berth-to-berth navigation and related services 

for safety and security at sea and protection of the marine environment" (MSC 85/26/Add.1). 

The notion pertains to the organization's endeavours to facilitate the broader implementation 

of electronic navigation systems and solutions. The concept includes the formulation of 

policies, establishment of standards, and identification of best practises that facilitate the 

marine community in harnessing the advantages of contemporary technology, all the while 

upholding principles of environmental sustainability and safety.  

Prior to the practical execution of e-navigation, it is essential to establish a common 

approach for managing marine domain data, ensuring its readiness for use by diverse 

navigational systems. For this reason, the IHOôs standard S-100 has been adopted as the 

CMDS. The term "S-100" is employed within IHO for the IHO Universal Hydrographic Data 

Model. The S-100 standard plays a crucial role in IHO endeavour to establish a complete 

framework for the creation, management, and exchange of digital hydrographic and 

geospatial data. The framework contains a comprehensive set of data models, schemas, and 

encoding techniques that enable the development of various data products related to 

navigation, charting, and geographic information. The primary objective of this standard is 
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to provide the consistent and seamless transfer of digital information across diverse 

platforms, systems, and applications utilised within the marine and geospatial domains. 

This chapter examines and presents an analysis of two concepts, in conjunction with 

the documentation provided by the IMO and IHO, as well as other relevant standards and 

sub-components. After a first document-oriented approach, e-navigation and S-100 are 

presented taking into consideration their operational impact onboard. This part of the 

document is preparatory for the analysis provided in the following chapters. The individual 

S-100 product specifications, which are described in this chapter, will thereafter be 

collectively analysed in Chapters 4, 5, and 6. 

 

 

 

3.1 E-navigation 
 

E-navigation marks a substantial evolution in maritime technology, with the objective 

of improving environmental sustainability, efficiency, and safety during navigation by 

integrating digital information and electronic systems. The subsequent subsection will 

undertake an in-depth examination of e-navigation, with a specific emphasis on the most 

critical documents published by IMO. With the rising complexity of maritime operations, 

there emerged an increasing urgency to coordinate and support for the implementation of 

emerging technologies aboard vessels. In light of these difficulties, e-navigation was 

developed with the objectives of optimising navigation procedures, enhancing situational 

awareness, and enabling enhanced communication between ships and shore-based services. 

An examination of the most important IMO's documents pertaining to e-navigation 

will provide us with significant knowledge regarding the regulatory frameworks, objectives, 

and strategies that govern the implementation and development of such systems. These 

documents furnish stakeholders with a strategic guide for successfully exploring the dynamic 

universe of maritime technology. 

 

3.1.1 E-navigation through IMO documents 
 

IMO has been working in developing e-navigation starting from 2005, and since then 

many progresses have been made. The present section is aimed at analyzing the concept 

throughout IMOôs main documents. The main document issued by IMO are: 
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- 2005 - MSC 81/23/10 - Development of an E-Navigation strategy; 

- 2009 - MSC 85/26/Add. 1 Annex 20 - Strategy for the development and 

implementation of e-navigation; 

- 2018 - MSC.1/Circ.1595 - E-navigation strategy implementation plan (SIP). 

 

 

Figure 3.1 - IMO's major e-navigation documents 

 
 

3.1.1.1 MSC 81/23/10 ς Development of an E-navigation strategy 
 

IMO has formally incorporated e-navigation into its strategic framework from 2005 

with the adoption of the MSC 81/23/10 document. Despite the preceding development of 

standards for navigational technology by other organisations such as IHO, IMO, and IALA, 

none of them had assumed a leading role in the establishment of a complete framework (MSC 

81/23/10). Hence, the sponsors of the initial document held the belief that the Maritime Safety 

Committee bore the responsibility of developing an environment suitable to optimising the 

capabilities of navigational technologies. The document outlines the original driving forces 

behind IMO's efforts to develop the concept. Upon examining the preliminary e-navigation 

proposal (MSC 81/23/10), some distinctive characteristics of the concept may be discerned: 

- reduction of accidents, errors, and failures;  

- more efficient shipping; 

- systematic integration of existing and new navigational tools (Patraiko, 2007).  

The document emphasises that if technological advancements are not properly integrated, 

there will be a rise in unneeded complexity onboard. The primary obstacle faced by IMO is 

the development of a comprehensive framework that can effectively integrate existing 

systems such as ECDIS, AIS, VTS) and other similar technologies, while also allowing 

future advancements in the field. IMO's MSC 81/23/10 document also acknowledges the 

potential financial advantages of e-navigation for the diverse stakeholders within the 

maritime industry: ñConsiderable sums of money are expended by shipowners and operators, 
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on top of the substantial resources deployed by flag, port and coastal State regulators, in 

seeking to make marine navigation easier and to reduce navigational errors and failures. 

The E-Navigation strategy would enable the industry to benefit from reducing these costs in 

the long-termé t if action is not taken soon, the disadvantages of pursuing uncoordinated 

individual technologies will outweigh the potential benefits that together they could deliverò. 

A special mention is given to Coastal and Port States expenditure for the provision e-

navigation services. For developing countries ña comprehensive and integrated e-navigation 

strategy would provide the opportunity for reducing overall costs whilst fully meeting 

obligations for the safety of navigationò (MSC 81/23/10). 

 

 

3.1.1.2 MSC 85/26 Add. 1 Annex 20 ς Strategy for the development and implementation of e-
navigation 

 

The IMO's e-navigation development initiatives have resulted in the "Strategy for the 

development and implementation of e-navigation - MSC 85/26/Add. 1" (Weintrit, 2013). 

Within this document, the notion has been formally defined. This publication provides the 

inaugural formal description of the term and further underscores the significance of 

standardisation in promoting the progress of navigational technologies. The document 

analyses the following aspects: 

- core objectives;  

- the benefits; 

- the basic requirements; 

- the potential users and their needs; 

- the key strategy; 

- the implementation strategy.  

In Annex 1, IMOôs e-navigation responsibilities are listed.  

Upon evaluating the basic objectives of e-navigation as presented in Table 3.1, it can 

be inferred that the principal aim is to enhance the efficiency of maritime operations. This 

inference is drawn from the fact that the initial three points and in general, four out of the 

eleven bullet points outlined by IMO commence with the term "facilitate." The fourth 

objective pertains to the enhancement of efficiency in transportation and logistics. The 

objectives have a discernible interconnection, wherein each bullet point is deemed essential 

to the overall framework. 
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MSC 85/26/Add.1 ANNEX 20ôs e-navigation core objectives 

1 Facilitate safe and secure navigation of vessels having regard to hydrographic, meteorological and 

navigational information and risks. 

2 Facilitate vessel traffic observation and management from shore/coastal facilities, where appropriate. 

3 Facilitate communications, including data exchange, among ship to ship, ship to shore, shore to ship, 

shore to shore and other users. 

4 Provide opportunities for improving the efficiency of transport and logistics. 

5 Support the effective operation of contingency response, and search and rescue services. 

6 Demonstrate defined levels of accuracy, integrity and continuity appropriate to a safety-critical system. 

7 Integrate and present information on board and ashore through a human-machine interface which 

maximizes navigational safety benefits and minimizes any risks of confusion or misinterpretation on 

the part of the user. 

8 Integrate and present information onboard and ashore to manage the workload of the users, while also 

motivating and engaging the user and supporting decision-making. 

9 Incorporate training and familiarization requirements for the users throughout the development and 

implementation process. 

10 Facilitate global coverage, consistent standards and arrangements, and mutual compatibility and 

interoperability of equipment, systems, symbology and operational procedures, so as to avoid potential 

conflicts between users. 

11 Support scalability, to facilitate use by all potential maritime users. 

Table 3.1 - E-navigation core objectives 

 

The IMO's vision can be better understood by examining the advantages of e-

navigation (Table 3.2). The first benefit relates to the improvement of safety of navigation 

and the promotion of safety of navigation standards; this benefit derives from IMO's role in 

promoting and implementing safety of navigation with the SOLAS Convention. Regarding 

the preservation of the marine environment, e-navigation has the potential to accelerate the 

implementation of IMO's environmental regulations, such as the Maritime Pollution 

(MARPOL) Convention. The third point relates to enhancing domain security through 

monitoring and surveillance. Important for the objectives of this thesis are points four and 

five, which refer to increased efficiency, decreased costs, and enhanced human resource 

management.  

 

MSC 85/26/Add.1 ANNEX 20ôs e-navigation benefits 

1. Improved safety, through promotion of standards in safe navigation supported by: 
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 ¶ improved decision support enabling the mariner and competent authorities ashore to select 

relevant unambiguous information pertinent to the prevailing circumstances;  

¶ a reduction in human error through provision of automatic indicators, warnings and fail-safe 

methods; 

¶ improved coverage and availability of consistent quality Electronic Navigational Charts 

(ENCs); 

¶ introduction of standardized equipment with an S-Mode* option but without restricting the 

ability of manufacturers to innovate;  

¶ enhanced navigation system resilience, leading to improved reliability and integrity; 

¶ better integration of ship and shore-based systems; leading to better utilization of all human 

resources. 

2. Better protection of the environment both by: 

 ¶ improving navigation safety as above, thereby reducing the risk of collisions and groundings 

and the associated spillages and pollution;  

¶ reducing emissions by using optimum routes and speeds; and enhancement of ability and 

capacity in responding and handling of emergencies such as oil spills. 

3. Augmented security by enabling silent operation mode for shore-based stakeholders for domain 

surveillance and monitoring. 

4. Higher efficiency and reduced costs enabled by: 

 ¶ global standardization and type approval of equipment augmented by a ñfast trackò change 

management process (in relation to technical standards for equipment);  

¶ automated and standardized reporting procedures, leading to reduced administrative 

overheads;  

¶ improved bridge efficiency allowing watchkeepers to maximize time to keeping a proper 

lookout and embrace existing good practice, e.g., using more than one method to ascertain 

the shipôs position;  

¶ integration of systems that are already in place, precipitating the efficient and coherent use 

of new equipment that meets all user requirements. 

5. Improved human resource management by enhancing the experience and status of the bridge team. 

Table 3.2 - E-navigation benefits 

 

Environmental and safety considerations have historically resulted in additional costs for 

maritime operators; e-navigation has the potential to break this link due to its influence on 

efficiency. The listed benefits provide an exhaustive analysis of the concept; the application 

of e-navigation can be an opportunity for enhancing navigational safety, enhancing the 

environment, reducing costs, and increasing efficiency. IMO has outlined some fundamental 

requirements for the implementation of the concept (Table 3.3).  
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Considering these requirements is crucial for effectively coordinating the attempts of 

various stakeholders towards a shared objective. IMO aims to enhance e-navigation as a 

means to foster a more sustainable approach to navigation. It is important to note that the 

concept of e-navigation should not be perceived exclusively as an extra financial burden for 

maritime operators. In fact, the costs associated with its implementation "should not be 

excessive". 

 

 

MSC 85/26/Add.1 ANNEX 20ôs e-navigation basic requirements 

1. Implementation of e-navigation should be based on user needs not technology-driven and over-

reliance should not be placed on technology to avoid, for example: 

 ¶ system failures causing delays because the ship is now deemed unseaworthy;  

¶ loss of basic good seamanship by crews;  

¶ inappropriate substitution of the human element by technology;  

¶ degradation of bridge resource management and best practices by the crew. 

2. Operating procedures should be put in place and kept under review, most notably in relation to the 

human/machine interface, the training and development of mariners and the roles, responsibilities and 

accountabilities of ship- and shore-based users. 

3. The mariner should continue to play the core role in decision making even as the supporting role of 

the shore-based users increases. 

4. Human factors and ergonomics should be core to the system design to ensure optimum integration 

including the Human Machine Interface (HMI), presentation and scope of information avoiding 

overload, assurance of integrity and adequate training. 

5. Adequate resources should be made available and assured both for e-navigation itself and the 

necessary enablers such as training and radio-spectrum. 

6. Implementation should be measured and not over-hasty.  

7. Costs should not be excessive. 

Table 3.3 - E-navigation basic requirements 

 

Despite the potential perception of e-navigation as a crucial progression towards 

unmanned navigation, it is noteworthy that IMO still maintains its primary emphasis on the 

function of mariners. When developing e-navigation as a decision-making system, it is 

crucial to consider the principles of ergonomics in its design. Additionally, the 

implementation of e-navigation should prioritise user needs and preferences, rather than 

being only driven by technological advancements. When implementing new technologies on 
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board, it is crucial to consider the significance of the human element and the imperative to 

uphold sound seamanship and best practises.   

In the ñStrategy for the development and implementation of e-navigationò, potential 

e-navigation consumers are highlighted. Annex 2 of MSC 85/26/Add.1 categorises potential 

e-navigation users into shipborne users and shore-based users. Potential ship-board and 

shore-based users are listed in Table 3.4.  

 

 

The potential ship-board  users 

- Generic SOLAS ships; 

- Commercial tourism craft;  

- High-speed craft;  

- Mobile VTS assets;  

- Pilot vessels; 

- Coastguard vessels;  

- SAR vessels; 

- Law enforcement vessels (police, customs, border control, immigration, fisheries inspection); 

- Nautical assistance vessels (tugs, salvage vessels, tenders, fire fighting, etc.); 

- Counter pollution vessels; 

- Military vessels; 

- Fishing vessels; 

- Leisure craft; 

- Ferries; 

- Dredgers;  

- AtoN service vessels; 

- Ice patrol/breakers; 

- Offshore energy vessels (rigs, supply vessels, lay barges, survey vessels, construction vessels, cable 

layers, guard ships, production storage vessels); 

- Hydrographic survey vessels; 

- Oceanographic research vessels. 

The potential shore-based users 

- Ship owners and operators, safety managers; 

- VTM organizations; 

- VTS centres; 

- Pilot organizations;  

- Coastguard organizations;  

- Law enforcement organizations;  
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- National administrations; 

- Coastal administrations; 

- Port authorities; 

- Security organizations;  

- Port State control authorities;  

- Incident managers; 

- Counter pollution organizations; 

- Military organizations; 

- Fairway maintenance organizations;  

- AtoN organizations; 

- Meteorological organizations; 

- Hydrographic Offices/Agencies; 

- Ship owners and operators, logistics managers; 

- News organizations; 

- Coastal management authorities; 

- Marine accident investigators; 

- Health and safety organizations;  

- Insurance and financial organizations;  

- National, regional and local governments and administration; 

- Port authorities (strategic); 

- Ministries; 

- Marine environment managers; 

- Fisheries management; 

- Tourism agencies (logistics); 

- Energy providers; 

- Ocean research institutes; 

- Training organizations; 

- Equipment and system manufacturers and maintainers. 

Table 3.4 ς Potential ship-board and shore-based users 

 

After identifying the potential e-navigation users, IMO has tried to capture their needs: 

- Common maritime information/data structure, the data and information used by 

mariners should be provided in a single integrated system and an internationally 

agreed common data structure; 

- Automated and standardized reporting functions, standardized and automated 

reporting functions should be provided; 
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- Effective and robust communications, linguistic barriers should be demolished and 

the means of communication should be capable of facilitating safety, security, and 

environmental protection; 

- Human-centered presentation needs, the concept should be user-driven and be 

capable of functioning as support for decision-making. Uniformity between 

representations and functionalities should be provided, misinterpretation and 

confusion should be limited; 

- Human-machine interface and ergonomics principles should be applied, the 

technologies should be designed to reduce human error rather than complicate 

existing procedures; 

- Data and system integrity, a precise data flow management should provide robust and 

reliable information; 

- Analysis, apart from raw data, functions such as voyage planning, risk assessment, 

collision avoidance, and anti-grounding should be provided; 

- Implementation issues, before e-navigation implementation, proper training should 

be provided to allow crews to familiarize themselves with the system before it 

becomes operative. E-navigation should be implemented considering that 

compatibility and integration with those systems that today are mandatory on board. 

Human element, conventions, standards and equipment standardisation, architecture, 

communication technology, information systems, positioning fixing, ENCs and scalability 

are the IMO's essential key strategy elements for e-navigation implementation. It is 

imperative to emphasise that the advancement of e-navigation is primarily motivated by user 

needs, with the objective of facilitating seafarers and streamlining navigation processes, 

while consistently prioritising the human aspect. The management of digitalization of 

maritime domain data and the integration of diverse systems necessitates the establishment 

of certain standards and conventions, which play a pivotal role in this undertaking. The next 

section will study the S-100 standard, which is considered the most significant standard in 

the field of e-navigation. The establishment of S-100 as CMDS system is of paramount 

importance. Additionally, it is important to develop a specialised architecture that can 

efficiently and effectively handle vast quantities of data on a worldwide scale. The utilisation 

of georeferenced data and advanced positioning technologies that accurately determine the 

exact location of a vessel can enhance the usability and accessibility of information, hence 
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facilitating the tasks of seafarers. In this particular context, ENCs play a fundamental role in 

the application and integration of diverse georeferenced data and information. 

The final section of the document provides a comprehensive examination of the 

implementation of e-navigation. The development of the concept is not exclusively a problem 

of IMO. While the IMO plays a crucial role in providing comprehensive governance, other 

competent organisations and stakeholders can also participate in the development process. 

The process should possess the capacity to include all pertinent stakeholders and user groups. 

Additionally, a systematic technique should be employed to gather diverse user requirements 

and align the concept with user-centric principles. The document underscores the importance 

of recognising shared characteristics across users, the imperative of maintaining existing 

optimal methods, and the potential need for revising alternative methods. The concept of e-

navigation encompasses an ongoing and dynamic process that involves constant adaptations 

to integrate emerging technology and practises. Figure 3.2 depicts the comprehensive 

integration of several parts by IMO in order to encapsulate the development process: 

- User needs: The prioritisation of user demands by IMO indicates a clear intention to 

support maritime professionals in their work. The focus extends beyond sailors to 

encompass a diverse range of prospective beneficiaries who can get advantages from 

e-navigation. Consequently, it is imperative to establish the specific needs of these 

users in conjunction with the functionality and services provided. 

- Architecture analysis: The integration of many technologies into a unified 

architecture that is suited for e-navigation applications poses a significant challenge 

for this component. An all-encompassing approach should possess the capability to 

optimise the capabilities of any system within a collaborative undertaking. This 

component considers training requirements, institutional and regulatory obligations, 

as well as cost-benefit and risk assessments. 

- Gap Analysis: The identification of legislative, operational, and technological gaps 

is essential for the successful implementation of e-navigation by this component. The 

task necessitates a comparison of the capabilities of current systems and the 

identification of forthcoming needs. 

- Implementation: The ultimate implementation of a concept should function as the 

guiding principle for the process. The validation of practical implementation and the 

overall process of e-navigation can only be achieved via the use of practical testing 

and utilisation. 
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- Review lessons learned: This phase holds significant importance not alone during 

the transitional period, but also throughout the complete life cycle of e-navigation. 

The utilisation of more sophisticated technologies on board is an ongoing 

development, necessitating careful regulation and analysis within the framework of 

e-navigation. 

 

Figure 3.2 - Implementation strategy iterative process (Source: IMO, 2009) 

 
 

3.1.1.3 MSC.1/Circ.1595 - ά9-navigation strategy implementation plan (SIP) 

 

The early e-navigation experience has resulted in the approval of the "E-navigation 

strategy implementation plan (SIP)" (MSC.1/Circ.1595), whose primary objective is to 

implement the five e-navigation solutions that have evolved from the IMO Formal Safety 

Assessment (FSA). Identifying e-navigation solutions is an ongoing procedure that can be 
































































































































































































































































