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1. EXECUTIVE SUMMARY 
 
The current section of the ATOMOS II final report briefly outlines the ATOMOS II 
background, the project objectives and the project results as seen in the context of the project 
objectives. Finally, the full text of the project conclusion is included. 
 
Much more comprehensive information on all these subjects are included in the main part of 
the report. As such, sections 4.1 to 6.3 include detailed descriptions of the work carried out 
under each project task, and detailed information on project dissemination can be found in 
Section 7. Further, section 8 contains the main project discussion and finally, the Project 
Managers overall conclusion on the project can be found in Section 9. Readers are referred to 
these parts of the report in the cases where that level of information is desired. 
 

1.1 ATOMOS II Background 
 
At the time of project formulation – and indeed still today – congestion in the European on-
shore infrastructure was causing more than moderate concern. In anticipation of not only a 
continuance of this problem, but estimating a marked and increasingly damaging growth in the 
size of the problem, the EC formulated the Road-to-Sea policy, as included in the Common 
Transport Policy (CTP, COM(92) 494 final). 
 
By placing focus on Waterborne Transport, and, by way of the Road-to-Sea issue, thus placing 
a higher demand on this mode of transport, the EC also put focus on a number of shortcomings 
related to the use of ships for community transport at that time. 
 
To aid the implementation of policy, a quite high number of research and technical 
development (RTD) actions, relevant to Waterborne Transport, was incorporated in the 4th 
Framwork Programme for Community Research and Development. Some of these were of a 
relatively broad nature, for instance the Concerted Action on Short Sea Shipping, designed to 
identify some of the structural – or generic – problems in the use of ships for relatively short-
haul transport, while some were more specifically targeting known problem areas. 
 
ATOMOS II – the acronym for Advanced Technology to Optimise Maritime Operational Safety 
– Integration and Interface – definitively belonged in the latter category, namely targeting the 
broad but still well-defined issue of safe and efficient increase of competitiveness and 
reliability in ships. The project was conceived to address this topic, and, building on results 
from the initial ATOMOS project, which documented that the use of advanced and truly 
Integrated Ship Control Systems could provide a solution, suggested further development in 
this area to reach the objective. 
 

1.2 ATOMOS II Project Objectives 
 
The global project objectives were stated already in the ATOMOS II Proposal for Research, 
and retained unchanged in the later ATOMOS II Technical Annex. In short form, the objectives 
of ATOMOS II can be outlined as follows: 
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1. Development of a conceptual standard for Ship Control Centre (SCC) Design; 
2. Development of advanced information processing enhancing safety and efficiency; 
3. Verification that the conceptual standard for SCC Design provides enhanced safety and 

efficiency; 
4. Development of a conceptual standard for safe, efficient and open ISC systems; 
5. Definition of a harmonized user interface; 
6. Definition of a standardized process network; 
7. Verification that the conceptual standard for ISC supports interoperability and 

interconnectivity. 
 
Result-wise, section 1.3 addresses each of these topics individually. 
 

1.3 ATOMOS II Results 
 
1. Development of a Conceptual Standard for SCC Design: There can be no argument that this 

objective has been achieved, as proven by one of the main ATOMOS II deliverables 
bearing the title ‘Conceptual Standard for SCC Design (including HMI)’. The document is 
prepared in the ISO/IEC format, and is under submission to IEC TC8. Initial appraisal of 
the document by the chairman of the current IEC working group on standardization of 
ship’s bridges labels the ATOMOS II result ‘outstandingly visionary’. 

2. Development of Advanced Information Processing: Also as far as this objective is 
concerned can there be little doubt that the target has been reached. Most of the work on 
task 1.3 has been devoted to the issue of enhancing human performance by integration of 
information and improvement of decision support methods. Direct results in terms of 
examples are provided both by this task and other. Results from objective measurements on 
the application examples clearly demonstrates the safety and efficiency benefits of systems 
designed along the suggested lines. 

3. Verification of Conceptual Standard for SCC Design vs. Efficiency and Safety: 
Comprehensive subjective and objective measurements, both on the part-task and the full 
mission level, have been carried under the project in tasks 1.3 and 1.6. Further, task 1.8 has 
performed an independent safety assessment of the ATOMOS II concept. In every single 
case do they point towards a great enhancement of safety and efficiency, in combination 
with increased user satisfaction. Just as an example, measurements in task 1.6 documented 
that people performed just as well in an ATOMOS II Ship Control Center after one hour of 
training as they did in a conventional Ship Control Center after 40 hours of training. 
Another example is that, according to the task 1.8 safety assessment, the risk of a collision 
for an ATOMOS II equipped ship is one full order of magnitude lower that for a similar 
conventional ship. 

4. Conceptual Standard for ISC Systems: Work under the project has produced a number of 
important components for a future standard on ISC systems, including guidelines for the 
preparation of companion standards and conformance classes. Likewise, ATOMOS II 
partners has participated in the appropriate IEC working groups on standardization, 
promoting the ATOMOS II principles for a future standard.  

5. Harmonized Human-Machine Interface: Work under task 2.3 in the project has produced a 
Style-guide for a harmonized Human-Machine Interface (HMI), which subsequently has 
been applied to the appropriate sample applications prepared under the project. As such, the 
harmonized HMI has been tested for usability, and the merits of the standardized HMI are 
certainly contributing to the safety and efficiency improvements measured in the project. 
Additionally, the ATOMOS II Harmonized Human-Machine Interface has been included in 
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the ATOMOS II Conceptual Standard for SCC Design (including HMI). It can hence be 
concluded that this objective has been reached in full. 

6. Standardized Process Network: Under the project, the original ATOMOS process network 
has been enhanced and improved, partly in the shape of tools required for network 
performance prediction, but also in terms of reliability as expressed by the ATOMOS II 
Network Management System and the ATOMOS ABIT system. What has been labeled the 
ATOMOS II T-profile and associated hardware is ready for use. 

7. Conceptual Standard for ISC Systems vs. Interoperability and Interconnectivity: Following 
the above it is fully expected, but however not yet proven, that all interoperability and 
interconnectivity requirements to the process network standard are completely fulfilled by 
the joint ATOMOS II/PISCES/DISC II ISC standard initiative. 

 

1.4 ATOMOS II Project Conclusion 
 
Summing up a large, complicated project like ATOMOS II is indeed a challenge. In the case of 
the present report, all ATOMOS II partners have contributed, describing their effort and results 
in a fashion hopefully both informative and interesting, and through that - again hopefully - 
achieving to give persons and companies outside the Consortium an understandable overview 
of the project. 
 
It is our most sincere hope, however, that feed-back will be provided by readers, either in the 
form of comments or suggestions to the material included, or better still, in the form of 
requesting further information on one or more specific subjects covered by ATOMOS II. 
 
Should the need arise, ATOMOS II is easy to contact: http://www.atomos.org 
  
Concluding on a large, complicated project like ATOMOS II is however much less of a 
challenge. Going through section 8, one can conclude that 
 
• ATOMOS II reached almost all the objectives set forth prior to the project, and those 

maybe not fully reached yet are being addressed in the context of the ongoing DISC II 
project; 

• ATOMOS II provided all the benefits it set out to do; 
• ATOMOS II finished on time, and had no major performance problems in the project 

lifetime; 
• ATOMOS II was – and still is – disseminated in accordance with the requirements set up 

for the project, and 
• ATOMOS II remained in general within the budget. 
 
All in all, it seems fair to conclude that ATOMOS II was a success, providing the value and 
benefits it was required to do. 
 
1999.06.24 
Erik Styhr Petersen 
ATOMOS II Project Manager 
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2. INTRODUCTION 

2.1 Description of Societal Background 
 
At the time of project formulation – and indeed still today – congestion in the European on-
shore infrastructure was causing more than moderate concern. In anticipation of not only a 
continuance of this problem, but estimating a marked and increasingly damaging growth in the 
size of the problem, the EC formulated the Road-to-Sea policy, as included in the Common 
Transport Policy (CTP, COM(92) 494 final). 
 
By placing focus on Waterborne Transport, and, by way of the Road-to-Sea issue, thus placing 
a higher demand on this mode of transport, the EC also put focus on a number of shortcomings 
related to the use of ships for community transport at that time. 
 
To aid the implementation of policy, a quite high number of research and technical 
development (RTD) actions, relevant to Waterborne Transport, was incorporated in the 4th 
Framwork Programme for Community Research and Development. Some of these were of a 
relatively broad nature, for instance the Concerted Action on Short Sea Shipping, designed to 
identify some of the structural – or generic – problems in the use of ships for relatively short-
haul transport, while some were more specifically targeting known problem areas. 
 
ATOMOS II – the acronym for Advanced Technology to Optimise Maritime Operational Safety 
– Integration and Interface – definitively belonged in the latter category, namely targeting the 
broad but still well-defined issue of safe and efficient increase of competitiveness and 
reliability in ships. The project was conceived to address this topic, and, building on results 
from the initial ATOMOS project, which documented that the use of advanced and truly 
Integrated Ship Control Systems could provide a solution, suggested further development in 
this area to reach the objective. 
 

2.2 Description of Technical Background 
 
The efficient and safe operation of ships depends on three main factors: (a) the reliability of the 
ship itself, (b) the capabilities of the human operator and (c) the interface between the ship and 
the user. It should be recognized that these main factors are considered to be of equal 
importance. Formulated on this technical background, the ATOMOS II project addressed all 
three in a balanced way: 

2.2.1 Ship Reliability 
 
The first link in the efficiency and safety chain is the ship itself, or in this context, the 
automation-, navigation-, monitoring-, alarm- and control-systems on board ships.  
 
Valid at the time of project formulation, and still valid today, a number of integrated ship 
control (ISC) systems are available from different vendors in the global marketplace. However, 
and in spite of the name, many of those so-called ISC systems – then and now – are not truly 
integrated and, further, all known systems are based on proprietary standards, more often than 
not customized for the particular vessel or vessels. This results in a number of significant 
drawbacks, on the safety side as well as on the commercial side. 



ATOMOS II Final Report  Page 10 of 103 

 
 
ATOMOS II Task 1.1/24                                                                                 ID A211.00.01.047.006b  

 
On the safety side, since integration is neither complete nor based on common standards, the 
way the whole system behaves in various emergency situations might not be foreseeable, might 
be inefficient or might be hazardous. Furthermore, an integration-wise incomplete system 
exhibits a number of different user interfaces not in harmony with each other. This adds to 
every-day workload, prolonging the period needed for operator acquaintance with a new vessel 
and acting as a possible cause for accidents. Finally, a number of the features of a fully 
integrated system cannot be achieved with these incompletely integrated systems.  
 
The key technical reason for this state of affairs is the lack of a well defined and well supported 
open standard for ISC systems, architecture, data structures, development procedure, naming 
conventions and data exchange. ATOMOS II was designed partly to address this issue. 
 
Commercially, the lack of a standard disables most medium-sized or small players in the marine 
automation field from participation in the high-tech/ISC area since, under the prevailing 
proprietary conditions, a company must be able to deliver an autonomous system including 
hardware and software, rather than just an application, a specific hardware component or a 
similar small part of an integrated ship control system. 
 
At the time of project formulation, it was agreed that an open and well defined standard would 
allow European small to medium sized enterprises (SMEs) to enter the market thus adding to 
novelty, functionality, safety and efficiency while allowing an overall lower price and an easier 
maintenance. In consequence, this was turned into a direct project objective (see also section 
2.3.2). 
 

2.2.2 Human Operator Capabilities 
 
The factors influencing the performance and reliability of a human operator are extremely 
complex. They involve topics such as operational conditions, management structures and 
interaction between the human operator and the underlying technology and operator workload 
(whether this is high leading to stress or low leading to boredom). Furthermore, the basic 
qualities and level of experience of the individual operator have huge influences on the 
performance in any set of conditions, making generalisations difficult. 
 
Operator reliability, and thus safety and efficiency, is normally achieved by way of a number of 
different means, including training and education, rules and regulations, written procedures for 
various operational aspects, contingency planning and so on. In parallel to this process, 
research into human elements has been, and still is, continuously carried out and used as 
guidelines to enhance the process, and used as feedback on recent changes in the area. The 
general objective for these undertakings is an increase in safety. 
 
At the time of project formulation it was in any case was realized that the full impact of human 
element studies on the marine industry not yet had been achieved, and hence, that automation 
systems of that time excluded a number of features that could further increase shipping 
reliability. It was further realized that the success of this issue would depend on the proper 
implementation and the correct assessment of the basic human issues related to such future 
features. It was finally the assumption that an advanced, human-centred ship operational design 
concept would maximise the capability, efficiency and safety of the crew and allow the highest 
quality of operation of the EU maritime fleet leading to maximum total cost-effectiveness in the 
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world market. Proving this assumption was made an overall objective for ATOMOS II (see also 
section 2.3.1). 
 

2.2.3 Human-System Interface 
 
In modern ships, equipped for low manning and one-man operated bridge, all essential 
functions are monitored and remotely controlled from the ship control centre (SCC), i.e. the 
wheel-house. In such a set-up the operator is required to undertake a broad range of different 
routine tasks concurrently. These include, but are not limited to lookout (visual and radar), 
navigation, radio watch and communications, monitoring of engine condition and performance, 
and monitoring of cargo condition. 
 
The success and efficiency of an SCC, and thus the safety of the ship, is influenced by the 
following factors:  
 
• The work-system, including organisation, management, system safety and HMI in the 

broadest possible sense, including the physical environment and the comfort of the human 
operator,  

• The layout of the instruments,  
• The way information is presented and is available,  
• The combination and filtering of information,  
• The way advice and procedural support is implemented,  
• The way operator alertness is dealt with. 
 
Before and now, SCC’s are usually designed in a traditional way, being simply based on readily 
available consoles and instruments from the automation system suppliers, not considering that 
the more successful SCC is the one that addresses the issues listed above. One of the main 
reasons for this state of affairs is the lack of research into this broadest possible interpretation 
of human machine interface, validated by user trials using simulation and leading to 
internationally recognised, integrated guidelines, rules and regulations for SCC design. Again, 
proper addressing of this was made an objective for ATOMOS II (see section 2.3.1). 
 

2.3 ATOMOS II Project Objectives 
 
Following straightly from the description of state-of-the-art at the time of formulation of 
ATOMOS II, the project was centred on two main objectives, both aimed towards achieving a 
demonstrable improvement in European maritime safety and efficiency: 
 

2.3.1 Objective - Ship Control Centre Design and Assessment (Area 6.3.3/24)  
 
The first ATOMOS II objective was to develop a conceptual standard for a ship control centre 
working environment including the corresponding human machine interface which would 
enhance safety and efficiency through improved operator comfort, workload and awareness, 
screen presentation and other relevant factors. In the ATOMOS II Proposal it was stated that 
‘The design of the ATOMOS II ship control centre shall take full account of human capabilities, 
limitations and performance limits as its constraints. Advanced information processing shall be 
developed to enhance the capabilities of the user to achieve greater safety and efficiency.’ 
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2.3.2 Objective - Integrated Ship Control Design and Assessment (Area 6.3.3/25)  
 
The second ATOMOS II objective was to enhance maritime operational safety and efficiency 
through an improvement of ship-borne command, control, alarm and information systems as 
much as practically possible, taking cost-benefit issues into account. 
 
Quoting from the ATOMOS II Technical Annex, ‘The objective is to be achieved through 
design, implementation and subsequent validation of a conceptual standard for a safe, efficient 
and open ISC system which allows cost-effective interoperability and interconnection between 
system modules from different suppliers. In order to facilitate interoperability ATOMOS II 
shall define a harmonized user interface and provide a standardized process network’. 
 

2.4 ATOMOS II Expected Benefits 
 
Following the objectives stated in sections 2.3.1 and 2.3.2, the expected benefits of ATOMOS 
II was expected to be the first publicly-available integrated and coherent approach to 
improvements in maritime operations and safety in to bridge operations. In that light, the 
benefits towards the EU was expected to be the following: 
 
• Support for safer, more environmentally friendly, more cost-effective European maritime 

transport. 
• An integrated framework and architecture for EU marine equipment manufacturers. 
• An open and well defined standard for ISC design that would allow European small to 

medium sized enterprises (SMEs) to enter the market thus adding to novelty, functionality, 
safety and efficiency while allowing an overall lower price and an easier maintenance. 

 
Along the same lines, the benefits to the shipping industry was expected to include: 
 
• A reduction of through-life risk associated with programmable marine systems. 
• Support for improved management of costs through improved quality of development. 
• Integration of programmable systems into the existing ship development process. 
• Safer operation through optimal, standardised bridge layout and instrumentation. 
• Optimised balance between user and technology. 
• Reduced training requirement for crews when changing ship. 
 
Finally, the end-users of the ATOMOS II ISC, the seafarers, was expected to benefit along the 
lines of: 
 
• An enhancement of working environment and a corresponding decrease in the workload 

induced stresses and strains normally associated with long watches. 
• Positive social effects due to reduced workload and the possibility of the seafarer to retain 

integration with shorebased social circles and employment.  
• Ability to work on many ships with reduced re-training, and an ability to transfer between 

ships and quickly work safely. 
• Transferable skills which may allow seafarers trained to work on such ships to move more 

freely between maritime and shore-based jobs.  
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2.5 The ATOMOS II Consortium 
 
The following group of Institutes and Companies carried out the ATOMOS II project: 
 
No.  Partner Name     Acronym Status 
 
01  Scandlines A/S (DK)     SCL  Coordinator 
02  Danish Maritime Institute (DK)   DMI  Contractor 
03  Aalborg University (DK)   AAU  Contractor 
04  Logimatic A/S (DK)    LMC  Contractor 
05  D'APPOLONIA SpA (IT)   APO  Contractor 
06  National Technical University of Athens (GR) NTUA  Contractor 
07  STN ATLAS Marine Electronics Gmbh (DE) SAE  Contractor 
08  Lloyd's Register of Shipping (UK)  LRS  Contractor 
09  Lyngsø Marine A/S (DK)   LMA  Contractor 
10  TNO Human Factors Research Center (NL) TNO  Contractor 
11  CETEMAR S.A. (ES)    CMR  Contractor 
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3. ATOMOS II PROJECT STRUCTURE 
 
As will be apparent from the following, the ATOMOS II project was a complex programme of 
multi-partner work. Figure 1 and Figure 2 illustrate the ATOMOS II design concept and 
provide an index for the elements of the project, which will produce each component of the 
design. The full names of tasks are given in Figure 3. Addressing Figure 1, task 1.2 covers the 
physical layout of the SCC, but almost all of the rest of the project is centred on the main 
operating consoles of the control centre. Some tasks produce visible elements of the system, 
others provide the necessary infrastructure and hence data and controls necessary for the 
operation of the vessel. Figure 3 illustrates this issue, the coherency of the project approach 
and, to some extent, the relative complexity and resulting management challenge of ATOMOS 
II. 
 

Task 1.2 - SCC Layout

Task 1.3 etc.

 
 

Figure 1 - Relations & Scope of ATOMOS II Tasks (1 of 2) 

 

Task 1.7 - Final Conceptual Standard for SCC Design

Task 1.5 & Task 1.6 - Prototyping & Test

Task 1.4 - Preliminary
Conceptual Standard for SCC

Design

Task 1.3 - SCC
Instrumentation;

Task 2.3 - HMI Toolkit

Task 2.5 - Software
Development

Tasks 3.1 - 3.3
ISC Applications

Task 2.1, 2.2, 2.4 & 2.6 - ISC
Reference Model, Data Transport,

ISC Database & Sensor Fusion

 
 

Figure 2 - Relations & Scope of ATOMOS II Tasks (2 of 2) 
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For clarity, the work programme was structured into the following three research areas: 
 
1. Development of a conceptual standard for SCC design including HMI (see section 4 for 

individual results); 
2. Development of the core ISC system (see section 5 for individual task results); 
3. Development of ISC applications (see section 6 for individual results). 
 
The relationships between the tasks, and the corresponding deliverables, from the research 
areas are illustrated in Figure 3. 
 
 

Task 3.1
Ship Administration Application

Task 1.2
Physical Layout of the Ship

Control Center

Task 1.3
Instrumentation in the Ship

Control Center

Task 1.4
Preliminary Conceptual

Standard for Ship Control
Center Design

Task 1.5
Rapid Prototyping of Unified

Human-Machine Interface

Task 1.6
Tools for the Validation of the
Conceptual Standard (Trials)

Result OK?

Task 1.7
Final Conceptual Standard for

Ship Control Center Design

Task 1.8
Assessment of Final

Conceptual Standard for Ship
Control Center Design

Task 3.2
Cargo Management Application

Task 3.3
Hull Stress Monitoring

Application

Integration & Demonstration

Task 2.1
ISC Architecture & Reference

Models

Task 2.2
Data Distribution Systems

Aboard Ships

Task 2.3
Unified Platforms and HMI

Task 2.4
ISC Database

Task 2.5
Standards and Procedures for

Developing Dependable
Maritime Programmable

Systems

Task 2.6
Sensor Fusion

 
 

Figure 3 - Relationships between ATOMOS II Research Tasks 
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4. WORK AREA 1 – DEVELOPMENT OF A CONCEPTUAL 
STANDARD FOR SHIP CONTROL CENTRE DESIGN 

 
The current section contains detailed descriptions of work carried out under each of the Work 
Area 1 tasks, with some focus on the results achieved. In a similar fashion, detailed descriptions 
of Work Area 2 and Work Area 3 tasks can be found in sections 5 and 6, respectively. 
 

4.1 Task 1.2 – Physical Layout of the Standardized SCC 

4.1.1 Scientific objectives task 1.2 
 
The main objective of task 1.2 was to provide recommendations for the optimal allocation of 
functions over humans and machines and for the physical layout of the bridge such that the 
functions to be performed by humans can be most efficiently handled. In addition lessons 
learned from aviation were investigated.   
 
 
4.1.2 Task 1.2 Structure and Objectives 
 
The task was structured into four sub-tasks: 
 
Subtask 1.2.1 - Function and task analysis, where the overall objective was addressed 
through four overlapping activities: 
 
• Definition of the general functions and tasks at a high level, independent of specific systems 

with the purpose to allocate decomposed functions to tasks to be performed by personnel 
and computers. 

• Evaluation of the functions in terms of modern bridge systems and human factors aspects. 
• Scenario specification 
• Integration; Specification of preliminary function allocation and possible bottlenecks in 

human information processing. 
 
Subtask 1.2.2 - Function allocation, where the main objective was to identify support 
opportunities and requirements from analysis of the functions of the ship bridge. The analysis 
followed the work specified in the Function and Task Analysis of Task 1.2.1. 
 
Subtask 1.2.3 – Work space design and evaluation, where the main objective was to design a 
general layout for a future ship control centre of the ’ATOMOS ship’ (a chemical tanker). 
During this design process, compromises must be made between technical solutions and human 
factors requirements. As a consequence, the design cannot be optimal in all its aspects. 
Therefore, the design had to be thoroughly evaluated. This has been carried out using different 
techniques: human modelling systems and virtual environment techniques. 
 
Subtask 1.2.4 - Control centres in aviation, where developments of flight decks were 
described, listing guidelines and recommended practices in the aviation industry. 
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4.1.3 Task 1.2 Results 
 
As a result of the task analysis, all functions and tasks to be carried out on the bridge were 
specified. Functions were hierarchically decomposed to the level of tasks, which were analysed 
to determine critical factors in supervisory control on the future ship bridge. The functions and 
tasks were assessed in co-operation with Cetemar, d'Appolonia and Danish Maritime Institute, 
who responded on a questionnaire 'Tasks and critical factors', which was prepared by TNO. The 
results provided insight into the critical factors connected to fulfilling functions and tasks on 
the bridge. These factors were discussed and recommendations were given for the specification 
of scenarios.  
 
Subsequently, in the function allocation, these functions were further analysed using a list of 
criteria that relate to information processing capacities of humans and machines. In this way 
system functions were linked to support functions and related support tools. The results 
provided a basis for further development of system requirements. 
 
The results from the workspace design and evaluation task were described in two parts: Part I 
described the results of human factors engineering: two variants (‘state-of-the-art’ and ‘future’) 
of the final design of a standardised SCC. Part II described the justification of the designs using 
computer assisted ergonomic analysis techniques. It showed that current tools stimulate the 
integration of human factors engineering throughout the whole design process and that 
designers can exploit these tools to their own benefit.  
 
Figure 4 shows the inside of the state-of-the-art SCC in a bird's-eye view. The SCC consists of 
the following operational parts: 
 
• A navigation console is placed at the front of the bridge. The navigation console consists of 

a workplace where navigation takes place (A) and a second workplace for training, 
emergency and redundancy (B). 

• A planning console (C) is placed at the centre of the bridge. This console supports the 
planning and preparation of voyage. At each side of the state-of-the-art SCC, open bridge 
wings are added (D and E). These bridge wings support a good outside view during 
mooring and unmooring or man-overboard procedures. 

 
The state-of-the-art SCC is surrounded by windows. Access to the SCC is enabled by the use of 
a staircase (H) at the back of the bridge, where also basic facilities like a kitchenette and a toilet 
are located. 
 
Figure 5 shows the inside of the future SCC in a bird's-eye view. The future SCC consists of the 
following parts: 
 
• A navigation console is placed at the front of the bridge. The navigation console consists of 

a workplace where navigation and planning takes place (A) and a redundant workplace (B). 
• At each side of the future SCC, closed bridge wings are added (C and D). 
• At kitchenette (E) and a toilet (F) are positioned at the back of the SCC. 
• Windows surround the future SCC. Access to the SCC is enabled by the use of a staircase 

(G), positioned at the back of the bridge. 
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Figure 4 - Layout of the state-of-the-art SCC 

Figure 5 - Layout of the Future SCC 
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4.1.4 Task 1.2 Discussion 
 
In task 1.2, the human factors engineering process has been applied on the standardised future 
ship control centre for the ’ATOMOS ship’. Depending on the level of automation, two SCC’s 
were discerned: the state-of-the-art SCC and the future SCC. The design of the state-of-the-art 
SCC was based on one-man (with a back-up possibility for two) operation of the bridge, 
integration of navigation information and the concept of central information presentation. At 
the future SCC, traditional charts were abolished and navigation controls were integrated into a 
synthesized tactical display. As in the state-of-the-art SCC, two-man ship operation is possible. 
 
Regarding the verification and justification of the design, the computer assisted ergonomic 
analysis proved to be an efficient and flexible tool in the design process. For this project, it 
replaced expensive and elaborate building of full-scale mock-ups. Changes in the design were 
quickly made. A less restrictive design process resulted in which the interaction and 
collaboration between designers, human factors engineers, operators and customers is 
stimulated. Design errors that could cause serious ergonomic problems quickly emerge from the 
application of human modelling systems or virtual environment techniques. Often, these kinds 
of problems are not directly perceived in the CAD model.  
 
Concluding, it was demonstrated that the application of human modelling systems and virtual 
environment techniques during the workspace design could result in a quicker and cheaper 
design process as well as a more optimal and ergonomic design. 
 

 
4.1.5 Task 1.2 Dissemination and Exploitation 
 
Specifications have been drafted on the bridge hull, layout and detailed consoles. The 
corresponding drawings and CAD models are available. The results of the task yielded the 
necessary input for the ATOMOS II conceptual standard, defined in the 1.7 task.  
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4.2 Task 1.3 – Instrumentation in the Standardized SCC 
 
4.2.1 Task 1.3 Scientific objectives 
 
The main objective of task 1.3 was to specify design requirements by means of a user-centred 
assessment of the conceptual/harmonised human-machine interface for integrated bridge 
operation, thereby supporting the preparation of a conceptual standard for a unified human-
machine interface for maritime applications. 
 
In the assessment of design requirements, relevant aspects being considered included accuracy 
and speed of performance, operator awareness, reliability and operator workload. 
 
 
4.2.2 Task 1.3 Structure 
 
The overall objective was addressed through the following overlapping sub-tasks: 
 
• Subtask 1.3.1 - Human factors in supervisory control 
• Subtask 1.3.2 - Instrument functionality and interaction 
• Subtask 1.3.3 - Information management 
 
For subtasks 1.3.1 and 1.3.2 two phases were distinguished: 
 
• Specification of guidelines based on existing knowledge. Subtask 1.3.1 was directed towards 

information requirements and support and included, for example, the work and 
recommendations on alarm handling as carried out in the previous Anglo-Dutch co-
operation on ship operation and results from human factors studies on aviation. The 
guidelines developed in subtask 1.3.2 were more directed towards information presentation 
and included previous work that has been conducted for the ECDIS specifications and 
WWW applications. These guidelines should be seen as filling the gap between existing 
standards and the state-of-the-art. As such these guidelines provided the human factors input 
for task 1.4. (the preliminary standard), task 1.5. (design and implementation of the bridge 
mock-up), and further experiments conducted within task 1.3. 

• Based on these guidelines new support concepts were derived and tested experimentally, 
basically geared towards supporting anticipation in navigation (taking own capabilities into 
account) and information management and alarm handling. 

 
Thus, in preparation of the final standard conceptual standard for SCC design (task 1.7), two 
design cycles could be distinguished. One was related to the translation of existing standards 
and human factors guidelines into a standard for integrated ship control. This standard should 
be evaluated in a full mission simulator, as the overall concept is concerned (task 1.6). As 
several aspects are tested in one overall package, it is not possible to ascribe possible 
improvements to one specific task characteristic, such as layout, support or information 
presentation. The second design cycle concerns the testing of new support concepts. As these 
concepts were developed within the project, they needed to be carefully tested in part-task 
experimental set-ups. 
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4.2.3 Task 1.3 Results 
 
In the first 1.3 deliverables general aspects of supervisory control tasks were described and 
guidelines were provided concerning information requirements and possible support tools. 
Subsequently, new ways of information presentation were designed and validated on the basis 
of part-task simulation experiments. This resulted in the so-called ‘tactical display’, combining 
anti-grounding and anti-collision information in so-called ‘Predictive Capability Envelopes’ 
(PCE), see Figure 6. 
 

 

Figure 6 - The ATOMOS Tactical Display 

 
Results of the experimental work carried out (Figure 7) show that the PCE concept provides a 
powerful extension of supporting the navigator by predictive information, enabling an 
integrated presentation of information related to the own ship (propulsion and steering) and 
surroundings (fairway and other traffic). For the platform surveillance and diagnosis tasks, the 
benefits of an interactive support tool have been demonstrated. 
 
Regarding future research, areas have been identified for a further optimisation of the 
information-presentation concept, specifically related to the use of the speed-trial facility and 
the successful implementation of superimposed displays (see an example set-up in Figure 8). 
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For the design process itself, it is recommended to continue the development of new support 
concepts according to the human-machine cooperation model as described in this study. 
 

 

Figure 7- Average time that a minimum safety distance of 1nm was violated, averaged over subjects 

 
 

 
 

Figure 8 – ATOMOS II Bridge mock-up. 
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4.2.4 Task 1.3 Discussion 
 
The research performed in this task addressed the integrated support of the situation appraisal 
and decision-making processes by means of the human-machine interface on the ATOMOS 
ship bridge. More specific, possibilities were investigated for taking dependencies between 
platform functions and navigation functions into account, making use of model-based 
techniques, in order to reduce uncertainty in the navigation domain. An important aspect in this 
uncertainty reduction is to support the navigator in the estimation of future behaviour of the 
own ship and other traffic, in order to enhance anticipating capabilities. The first step in the 
approach taken was to extend the already existing concept of model-based path prediction, from 
the prediction of a single track for the actual (or trial) control input, to the prediction of a whole 
area of possible tracks, given that the control input is varied over the complete input range. 
Second, control variables were considered to be both rudder (course control) and engine 
settings (speed control), assuming that besides a manoeuvring model, a model of the dynamics 
between RMP and forward speed would be available. Thus, for a given RPM setting, the 
predicted region of possible tracks could be intersected with ARPA data of other traffic, 
providing an integral graphical presentation of courses to select in order to maintain a certain 
minimum safety distance.  
 
Results of the experiments confirmed the positive effect of the extension of path prediction to 
>Predicted Capability Envelopes = (PCE) on navigation performance. Especially in critical 
situations, requiring a timely response of the own ship to a dynamic situation in the 
environment (threat vessel changing to collision course), results demonstrated that subjects 
were better able to maintain required safety distances in relation to the obtained deviations from 
the own ship's fairway. 
 
Regarding integration with the outside view, results showed a significant performance increase 
by providing subjects with a plotting facility, for instance using a superimposed display (SID), 
enabling the input of additional target data to the PCE calculation process. On the other hand, 
the output of this prediction process mainly concerns tactical information on medium radar 
ranges (i.e., distances greater than 3 nm), best presented on the tactical display. Perspective 
presentation of information on these ranges in the SID would cause the majority of this 
information to be presented at the horizon level, leading to undesired cluttering of display 
information. This could explain the tendency in performance decrease, found for this type of 
SID. Regarding a successful implementation, a number of questions remain, which were not yet 
addressed within of the scope the study reported here. For instance, how should a wide-view 
SID be implemented on the ship’s bridge, where the visual background scene is not so clear and 
cluttered with moving objects? Another issue to be addressed is visual accommodation, e.g., 
where in depth should SID information be presented; should a SID present stereoscopic visual 
cues? What are the costs of such a SID system and is it affordable for merchant vessels? It is 
clear that considerable research is needed in these matters before a commercially-viable SID 
solution is found.  
 
With respect to platform surveillance and diagnosis tasks, experimental results showed the 
benefits of providing subjects with an interactive support tool, evoking a more active attitude in 
the information selection and integration process, also when support is not available. In all, the 
results indicate that merely presenting an advice, even with full explanation, is not sufficient for 
effective decision support, even though the advice may be optimal from a normative 
perspective. In general, it can be recommended that the support should keep the operator in the 
loop as much as possible.  
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4.2.5 Task 1.3 Dissemination and Exploitation 
 
Specifications have been drafted for the user interface on the integrated ship bridge, based both 
on existing knowledge and experimental findings. The results of the task yielded the necessary 
input for the ATOMOS II conceptual standard, defined in the 1.7 task. Results will be 
published in international literature.  
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4.3 Task 1.4 – Preliminary Conceptual Standard for SCC Design 
(including HMI) 

4.3.1 Task 1.4 Introduction 
 
This task may be considered as a foundation pillar within the ATOMOS II Project context due 
to the fact that several tasks have needed the initial standards established therein in order to 
develop their own content. 
 

4.3.2 Task 1.4 General Objectives 
 
The purpose is to generate a preliminary version of the conceptual standard for SCC Design, 
including HMI. 
 
The definition of standards that are necessary for SCC’s, will be made from the ISO 
specifications and keeping in mind the existence of standards that have been designed by the 
maritime industry. 
 
The preparation and later use of standards is the main aim of the task because this will allow, 
among other factors: 
 
• To reduce crew numbers to a minimum that is needed to ensure reliable and safe ship 

operations. 
• To establish an on board system for working that will not increase costs but will enable the 

officer o on duty to have to hand help from another person for emergencies. 
• To make up standards that lower the costs of equipment installed on board the ship as well 

as to cover the needs in the matter of training for the crews. 
• To prepare an integrated bridge configuration that is governed by ergonomic design and 

where all ship operations are integrated. 
 
The issue of harmonised instrument layout is inherent in this Task, since the aim of the work 
suggests a future standard for SCC design and the corresponding unified HMI. 
 

4.3.3 Task 1.4 Description 
 
The work has been carried out in several phases following the methodology previously laid out 
in the Storyboard.  This has meant the production of several drafts until the final report 
reflected the specific objectives for the task, and the general objectives of the ATOMOS II 
Project. 
 
The basis of the task are the standards approved by the IMO, ISO, IEE, Classification Societies 
and other maritime related organisations that emit rules, manuals and standards that may be 
applied to this work. 
 
The final summary that may be made on this task is to be found in the sections headed ‘Human 
Centered Design Processes for SCC and HMI’, ‘Guidelines for Maritime Human Centered 
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Design’ and ‘Advice on SCC Layout’ below, see sections 4.3.3.1, 4.3.3.2 and 4.3.3.3, 
respectively. 
 

4.3.3.1 Human Centered Design Processes for SCC & HMI 
 
The advantages shown by the defenders of integration to the ship owners was the reduction in 
crew numbers, which meant a decrease in expenses, which is an important factor to keep in 
mind when competing in the freight market. 
 
The benefits that a Ship Control Centre provides the owner include some factors that apart from 
reducing the number of crew members, directly affect its development.  Lets look at some of 
them that we need to keep in mind when specifying the standard concepts that we must apply to 
an SCC that is at once efficient and simple to configure and to handle. 
 
The SCC must provide system integration in order to be able, from one point (the bridge) to 
carry out any of the on board operations that must be done during its stay in port, at anchor, 
during the voyage, etc. 
 
The SCC must cover the essential requirements so that there is an interaction between the user 
and his equipment, that is, that there is a perfect man/machine interface. This will allow the 
SCC to be user friendly: 
 
The processes that must be used on the SCC should be interactive and automated.  Even so 
there must always be an opportunity available for the human operator to modify decisions.  
This is because, up to the present time, there is no expert system that offers sufficient foolproof 
guarantees that is capable of evaluating every single parameter related to any procedure. 
 
This chapter presents the advantages that derive from integration, together with the ruling that 
should be used in order to reach any kind of standardisation of processes. 
 

4.3.3.2 Guidelines for Maritime Human Centered Design 
 
The factors that must be taken into account when approaching the design of an operations 
centre on the navigation bridge of a ship are several and varied and include: 
 
1. Ship type. 
2. Tonnage. 
3. Modular nature of the systems 
 
Ship type is determined by the activity carried out, which would be a conditioning factor to be 
kept in mind when placing the physical equipment needed for certain operations. 
 
This chapter develops the needs of the SCC in matters of standards, and shows which of the 
existing standards may be used.  In the last few paragraphs the ATOMOS Ship concept is 
presented together with the applications that, in an interactive way, should be implemented for 
optimum control and handling. 
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4.3.3.3 Advice on SCC Layout 
 
Bridge layout will be approached from several points of view in order to offer a futuristic 
vision that could be applicable to all ship types.  Firstly we shall consider the layout of the 
bridge divided into two broad areas: 
 
• Interior 
• Exterior 
 
Interior layout will fulfill all those concepts that influence the distribution of equipment and 
that determine the working method of the crew member. 
 
Exterior layout will be studied, and the criteria used in its design will be determined, together 
with the access for personnel working on the interior. 
 
Keeping these two areas in mind, the task describes the characteristics that each one should 
have and current ruling that is applicable to ships.  Guidelines are offered for the introduction 
of new technology that is capable of improving safety conditions both inside and outside the 
bridge. 
 

4.3.4 Task 1.4 Conclusions and Benefits 
 
The conclusions that may be made at the end of this task is represented by the benefits that 
affect the following parts of the shipping industry: 
 
• Results from the current work will be very useful for other tasks under the ATOMOS 

project. 
• All areas of the ship are affected by the standards that are defined and it will therefore 

benefit from these as a whole. 
• For the same reasons industries and organisations related to the shipping industry, such as 

shipyards and classification societies will also benefit. 
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4.4 Task 1.5 – Rapid Prototyping of Unified HMI 

4.4.1 Task 1.5 Introduction and Scientific Objectives 
 
The main purpose of Task 1.5: "Rapid prototyping of Unified HMI" was to develop simulation 
tools which allowed for fast prototyping of different advanced bridge instruments images and 
enabled central control of simulation scenarios at the simulators at the Danish Maritime 
Institute. The general tools were used for implementation of the advanced flexible ATOMOS 
bridge mock-up. The layout of the flexible advanced bridge mock-up was tested in Task 1.6 and 
the advanced bridge layout was compared to a conventional bridge layout by means of 
assessing the differences in the crew’s performances. 
 

4.4.2 Task 1.5 Structure and Results 
 
Task 1.5 was  divided into two major subtasks: 
 
• 1.5.1 Preparation of Conventional Bridge Mock-Up 
• 1.5.2 Preparation of Advanced Bridge Mock-Up 
 
of which the latter by far was the largest. The first subtask comprised preparation of a 
conventional simulator bridge mock-up, while the second included generation of general tools for 
implementation of "soft instruments" and scenario management, and preparation of the advanced 
ATOMOS bridge mock-up enabling easy exchange of instrument layouts and instrument 
distribution on the bridge. Using the general tools the main purpose of this task was to prepare an 
advanced bridge mock-up which in a simplified way simulated the main types of ISC components: 
planning-, control- monitoring-, decision support- communication- and administration-functions. 
The following subsystems were developed for the advanced ATOMOS bridge mockup: 
 
• SENSOR - Subsystem for simulation of sensors on board ship. 
• HSM - Monitoring system for hull stress sensors with decision support. 
• ALARM DISPLAY - A central alarm system with operator controlled decision support. 
• STRESS ALARM DISPLAY - Alarm operator  for broadcasting to all alarm displays.   
• NAVIGATION DISPLAY - A navigation display based on radar input. It has added 

functionality consisting of collision zones, underlying ECDIS information, HSM decision 
support and some environment, navigational and ship status variables. 

• NAVIGATION PANEL - Part of the ATOMOS concept for encapsulation of applications. 
Shows the most essential navigational status variables. 

• APPLICATION MANAGER - Part of the ATOMOS concept for encapsulating applications. 
It controls all applications with respect to color, size and position. Further it is capable of 
launching and terminating applications down. 

 

4.4.2.1 The Psychical distribution of applications 
 
Both simulator setups were implemented on the same mockup. The mockup consists of touch 
screens which in this case gives the functionality as 1 button mouse and with a 20 inch screen. 
The resolution had to be 1024x768 pixels. CPU processors used were Pentium 133-200 MHz 
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with 64-100 Mb ram. The distribution of the applications for the 2 simulator setups were as 
described in sections 4.4.2.2 and 4.4.2.3, respectively. 
 

4.4.2.2 Conventional Bridge Mockup 
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Figure 9 - Conventional Bridge Mock-up 

4.4.2.3 Advanced ATOMOS II Bridge Mock-up 
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Figure 10 - The Advanced ATOMOS II Bridge Mock-up 
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4.5 Task 1.6 – Tools for the Validation of the Conceptual Standard 

4.5.1 Task 1.6 Introduction 
 
Task 1.6 was supported by the preliminary work done under other tasks, mainly 1.4 & 1.5.  
Therefore the evolution of 1.6 was in some cases parallel to, and in some cases slightly behind 
the others due to needing certain data before final completion. The initial structure of this task 
was subdivided into three subtasks that facilitated the advancement of certain items, and the 
results of the demonstrations carried out were kept for the final report. 
 
This summary of Task 1.6 is composed of the following chapters: 
• General objectives for the task. 
• Task description. 
• Final conclusions and benefits. 
 

4.5.2 General Objectives for the Task 
 
The initial objectives of the task were described in its Storyboard, but were later extended and 
partially modified. The purpose was to: 
 
• test and provide input for the final version of the conceptual standard on SCC design and 

HMI prototype 
• testing of the main alternative concepts in whole-voyage simulations 
• development of demonstrators for Research Area 
• to test ATOMOS II HMI concepts versus Conventional bridge  
• use prototypes of new ATOMOS II technology. 
 
The idea was to ensure that the tests represent real system behavior and closely as possible and 
that the measurements taken were valid and useful in comparing conventional and an ATOMOS II 
control concepts. 
 
The use of simulated trials would allow repetition of the processes varying the parameters until 
an acceptable level of efficiency is reached, in order to validate the behavior of the systems and 
applications used. 
 
The partial objectives of the three subtasks are described below, in order to gain greater 
understanding of the work carried out: 
 

4.5.2.1 Subtask 1.6.1 - Planning, Co-ordination and Assessment of Trials 
 
The objectives planned for the development of subtask 1.6.1 were to specify how to carry out 
the work itself and in this respect the following aims were targeted: 
 
• Generation of test objectives. 
• Definition of a quality plan for trials. 
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• Specification of context of use. 
• Validation of test objectives with IMO and LRS. 
• Definition of requirements of tools and methods. 
 

4.5.2.2 Subtask 1.6.2 - Design of Trials 
 
Once the report for subtask 1.6.1 was in hand, it was possible to draw up the aims for 1.6.2 that 
were directed towards the scenarios preparation for the trials that would be developed under 
subtask 1.6.3. So the main aims for 1.6.2 were: 
 
• Definition of measurement objectives and metrics. 
• Definition of context of measurement. 
• Definition of data collection requirements. 
• Selection of tools and methods (either using the same tools or comparative test of tools and 

methods). 
• Preparation of a plan for the trials. 
• Calibration of tools and test scenarios between sites. 
 

4.5.2.3 Subtask 1.6.3 - Trials of Concepts and Instruments in Simulator 
 
The third part of Task 1.6 reflects a type of summary of all the objects for the whole task, since 
the simulator demonstration is the practical consequence of these. Specifically for this subtask 
the following aims are noted: 
 
• Comparison of prototypes of conventional technology and methods. 
• Controls, instruments and operational procedures. 
• Crews in a range of operational scenarios. 
• Audit of trials and methods. 
 

4.5.3 Task 1.6 Description 
 
The division of Task 1.6 into three subtasks was made in order to better monitor the details that 
were included in the final trial phase. 
 

4.5.3.1 Subtask 1.6.1 - Planning, Co-ordination and Assessment of Trials 
 
This first subtask collects the preliminary work done that set the basis for planning co-
ordination and the evaluation of the trials that constitute the final point of task 1.6. The co-
ordination of trials intends to do them using the most real case studies possible.  To do so 
certain examples are shown with a planning of the events that can be included in the scenarios 
previously chosen. 
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4.5.3.2 Subtask 1.6.2 - Design of Trials 
 
The purpose of this subtask is to make sure that the real trial scenarios are reflected accurately 
in the computerised representation.  To do this: 
 
• Someone other than the developer must check the work carried out.  A flow diagram must be 

made that shows each action a system may possibly take according to the event that takes 
place, and follow model logic for each action for each event type. 

• The observation and measurements techniques are capable of collecting data to assess if the 
goals of the trials have been achieved.  To do this the each of the above list of objectives will 
be addressed by the trial designers and a detailed trial manual will be produced covering the 
goals for the trials. This should also address how the tests will be refined in the second round 
of trials. 

 

4.5.3.3 Subtask 1.6.3 - Trials of Concepts and Instruments in Simulator 
 
The process to be followed in order to fulfill the objectives is defined by two phases: 
 
• firstly collect existing information of methods currently in use 
• secondly adapt these methods to the needs of the ATOMOS ship in order to prove, under 

appropriate scenarios, the applications prepared. 
 
 

4.5.4 Task 1.6 Development of Work. 
 
The contents of the research and the work carried out may be summarised into the following: 
 
1. The Work Plan. 

• General Objectives for Task 1.6 
• Methodology used in all deliverables. 
• Subtask structure and objectives 
• References and relation with other tasks 
• Obtain information on partners specific questions 
• Development of simulation trials 

 
2. Development of the Work Plan. 

• This consists in general comments, work evaluation and partial conclusions. 
• Preparation of several reports for each subtask, where the partners inputs were 

included. 
• Carrying out of the simulation trials 

 
3. Final report. 

• The content of this chapter constitutes the basic part of the work and that has been 
carried out in order to summarise the whole Task 1.6. 

• The first part of the chapter describes the details of any incidents experienced and the 
justification of the delay in producing this deliverable. 
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• The second part is made up of comments and the analysis of the trials that reflect the 
opinions of end-user experts. 

• Report of Trial Audit of Simulator Trials. This includes the report submitted by other 
project partners on the trials carried out on the simulator in order to validate the 
ATOMOS prototype ship. A plan and scenarios will be prepared with the aim of 
discovering potential for information exchange between the different pieces of 
equipment designed under the ATOMOS project. 
• Scenario of a ship navigating open seas to check information exchange between the 

navigation system and the Hull Stress Monitoring system. 
• Reconstruction of scenario 1, changing navigation conditions to a bad weather 

situation. and stressing the operator with secondary tasks. 
• The plan will define test procedures, tools and measures to identify the difference in 

efficiency and safety of conventional and ATOMOS II bridge concepts.  The 
anthopometric aspects of the ATOMOS II concept will also be evaluated.  The 
measures will be based on Effectiveness, Workload, and User Satisfaction. 

 

4.5.5 Task 1.6 Conclusions 
 
The conclusions derived from all the work and research carried out were shown clearly in the 
simulation trials done. The results of the trials confirm the advantages offered by the ATOMOS 
ship as against a conventional ship, stressing the following points: 
 
• Integration is greater. 
• The distribution of equipment on the bridge is more appropriate. 
• The crews' workload is reduced. 
• The SCC provides a system that increases decision capabilities of the officer of the watch. 
 
Obviously this first evaluation is obtained from data presented in the deliverables, and therefore 
we must wait for the trials before confirming these advantages or adding new ones obtained in 
the tests themselves. Lastly, we believe that the questionnaire test passed out to participants in 
the evaluation trials together with data obtained in the evaluation of their functions will provide 
us with positive results that will enable an adequate evaluation of the equipment. 
 
The last phase of the ATOMOS project would consist in the preparation of trials on board a 
ship and evaluation of crew response.  The results would be specified in a standard that would 
be submitted to the IMO for their knowledge and review to give it international validity. 
 
Taking into consideration the results obtained during the ATOMOS II Project, especially the 
conclusions of the trials done on a prototype, the next steps would be: 
 
• To list the number of applications able to carry out all the functions derived from ship 

activity.  It will obviously be necessary to consider the needs of several ship types. 
• To draw up a planning that will allow for simulator trials and confirmation on board a ship 

at sea. 
• Trials should include stress factors to evaluate product quality and correction of defects 

discovered. 
• As a final objective we must understand that integration will be complete when the data 

may be transferred between files under the different processes for each function and 
situation on board ship. 
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4.6 Task 1.7 – Final Conceptual Standard for SCC Design 
(including HMI) 

4.6.1 Task 1.7 General Objectives 
 
The objective of the work under this task is to produce the final version of the conceptual 
standard for SCC design, including the conceptual standard for SCC HMI. 
 

4.6.2 Task 1.7 Description 
 
This standard is developed with the purpose of enhancing the operational effectiveness and 
commercial efficiency  of waterborne transport through improved design of the ship control 
centre. This goal can be achieved through decreasing the risk and increasing the user 
friendliness of the ship control centre and its equipment. 
 
User friendliness can be defined in a number of ways, all of which address some aspect of 
quality in use of a system or product. Attributes such as learnability, consistency and 
conformance with user expectations, or measures such as task effectiveness, efficiency and user 
satisfaction are commonly used in attempts to define user friendliness. Regardless of the 
definition there is agreement that the means of achieving user friendliness is increased human-
centredness in design. The principles of human-centred design and the required activities 
necessary to develop user friendly products are known, and are now standardised in the 
forthcoming ISO FDIS 13407 ‘Human-centred design processes for interactive systems’. These 
principles and activities represent an essential component of best practice in the development of 
interactive systems, including ship control centres. This standard describes how to apply a 
human-centred approach in the development of ship control centres and associated human 
machine interfaces. 
 
A human-centred approach entails defining requirements, taking account of existing knowledge 
about users, and refinement and validation of the design with representative users. These 
activities provide a means of reducing the risk of incorrect specification and design of the 
control centre, ease the process of commissioning a control centre and also provide a way of 
monitoring how effective the centre is in operation. The reduction in development risk resulting 
from the human-centred approach reduces the development cost of the ship. Further, the 
increase in operational effectiveness increases its operational safety and reduces its through-life 
cost. 
 
Correct design of the SCC offer improved operational safety in terms of increased vigilance, 
flexibility of operation, precision of control and operator’s situational awareness. An SCC 
developed and operated according to the principles presented in this standard can reduce the 
incidence and/or effect of human error and increase the ability of seafarers to manage their ship 
in both normal and emergency conditions. 
  
The examples in this version of the standard are drawn from work on the EC project ATOMOS 
II (EC DG VII Contract WA-95-SC.205), and are copyright of the ATOMOS II Consortium. 
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ATOMOS II proposes a human-centred, risk based approach to the layout of the ship control 
centre, the interface between the seafarer and the ship and the development of open-architecture 
automation technologies. The objectives are: 
 
• to develop a conceptual standard for a ship control centre working environment including the 

corresponding human machine interface which enhances safety and efficiency through 
improved operator comfort, workload and awareness, screen presentation and other relevant 
factors. 

• to enhance maritime operational safety and efficiency through an improvement of ship-borne 
command, control, alarm and information systems as much as practically possible, taking cost-
benefit issues into account. 

 
The design of the ATOMOS II ship control centre takes account of human capabilities and 
limitations. Information processing is used to enhance the capabilities of the user to achieve 
greater safety and efficiency. In ATOMOS II, a standard concept gives a safe, efficient and 
open ISC system which allows cost-effective interoperability and interconnection between 
system components from different suppliers. In order to facilitate interoperability ATOMOS II 
defines a harmonised user interface and provides a standardised process network. The proposed 
standard and assessment scheme take into account cost-benefit issues, classification 
requirements and relevant standards. 
 
 

4.6.3 Task 1.7 Work Development 
 
Task 1.7 is the result of a complex, meticulous job, carried out in order to comply with the aims 
and objectives laid out in the storyboard. The substance of the Task has been carried out in two 
phases. 
 
• During the first phase, all possible information has been collected on existing standards.  

Later on these were classified and analysed in order to obtain the data needed for our work. 
• During the second phase two workshops were held where all the partners took part and the 

information gleaned was used to complement that presented by Task 1.7 task leader. 
 
The result is this Final Report where all data needed for the confection and use of a standard is 
supplied.  In this way the objectives of the Task have been fully complied with and it 
contributes satisfactorily to the general objectives of the ATOMOS II project. 
 

4.6.4 Task 1.7 Benefits 
 
Task 1.7 clearly shows a series of benefits since the use of this conceptual standard has a 
positive affect on the following groups: 
 
• Shipowners and others who purchase and operate ship control centres. 
• Shipyards and others who specify and/or supervise the design, construction and integration 

of ship control centres. 
• P&I clubs, insurers, investors, financiers, banks who are involved in the financial risk of 

ship operations. 
• National Administration and Employees’ organisations who are concerned with crew well-

fare. 
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• Classification Societies, test laboratories, type approvers and other test houses. 
• Maritime training organizations and others who are concerned with the education of future 

maritime officers. 
• Designers, builders and installers of ship control centres, human machine interfaces, 

integrated ship control systems and applications for ISC systems. 
 

4.6.5 Task 1.7 Conclusions 
 
The conclusions that may be made at the end of this task can be summarized in a general way in 
two blocks: 
 
• First of all we may state that the conclusions of the task itself are sufficient for us to state 

that the initial objectives of the Project have been fulfilled, as can be appreciated in the 
Final Report for the Task. 

• Secondly, it can be stated that on increasing safety and lowering the risk of accidents, the 
ship owner can reduce the ship costs account and in this way increase the profit margin. 

 
The implementation of this standard represents a technological advance that will favour all 
those involved in maritime transport. 
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4.7 Task 1.8 – Assessment of Conceptual Standard for SCC Design 
(including HMI) – Safety Assessment and Cost/Benefit Analysis 

4.7.1 Task 1.8 Introduction 
 
This task is one of the "horizontal" tasks of the ATOMOS II project and addresses the 
following central question: Do the Conceptual Standard for SCC Design developed in earlier 
tasks exhibit a demonstrable improvement in terms of safety, operability and overall cost 
savings for the ship system?  The question is central because unless the improvements are 
“demonstrable”, no one would be able to tell whether the proposed new concepts or systems are 
any better than those they are supposed to replace.   
 
The efficiency-related assessments will have special emphasis on Short Sea Shipping (SSS), 
and the possible improvement in the integration of SSS in the multi-modal transport chain. 
 

4.7.2 Task 1.8 Methodology 

4.7.2.1 Sub-Task 1.8.1, Definition of Criteria 
 
Activities within this task (Sub-Task 1.8.1) started by defining safety and cost-effectiveness 
criteria to be ultimately used to assess whether the systems developed within the ATOMOS II 
project allow to state that a future ship equipped with the new concepts for the Ship Control 
Centre and the Integrated Ship Control, actually achieves higher levels of safety and cost-
effectiveness throughout its lifetime.  Following this phase, two lines of activity, one for safety 
and one for cost-effectiveness, have been developed, as reported in the following paragraphs. 
 

4.7.2.2 Sub-Task 1.8.2, Risk Analysis and Safety Assessment of the Conceptual 
Standard for SSC Design (including HMI) 

 
The Safety Assessment started from the identification of a selected sample of ship types and 
hazard scenarios which is most relevant with respect to ship safety.  This scope has been 
achieved by statistically analysing the LMIS Casualties Database. The part of LMIS database 
used in the analyses contains details of all reported serious casualties, including total losses, to 
ships (merchant and passenger) owned by companies resident in the 15 EU countries in the 
period the european fleet from January 1990 to July 1996. 
 
In the second part of the work, a safety assessment model has been defined and applied to a 
selection of the identified hazards.  The methodology adopted in this study is the result of the 
review of the IMO and ATOMOS methodology and consists in the development of a functional 
model for all the functions involved in navigation, hazard identification and risk assessment.  It 
is highlighted that the focus has been put on the marginal difference, in terms of safety, 
between a conventional ship and a new ATOMOS II integrated and low-manned one.   
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Figure 11 - Representation Of Casualty Statistics 

 
The risk assessment has been completed by analysing in detail two selected risks (ship in short 
collision route with another ship and fire ignition in areas of restricted access) and comparing 
the results obtained for the ATOMOS II ship with the safety criteria previously adopted and 
with the risk evaluated for a conventional ship. 
 
In the comparative analysis (between conventional and ATOMOS II ship), the following 
influencing factors have been analysed: 
 
• at process level, as ATOMOS introduces a new approach to the design development of a 

ship, in order to better perform and control the various phases of the ship’s lifecycle; 
• at functional level, as ATOMOS introduces new functions (or new integration of functions) 

to the conventional set of ship’s functions in order to better or more safely perform the 
ship's mission; 

• at systems/technological level, as ATOMOS introduces new systems and/or technologies to 
support both new and conventional functions; 

• at HMI level, as ATOMOS introduces new concepts to address a usable interface to the 
human element in order to provide an easier and safer  control of the ship’s systems to the 
operator. 

• at O&M level, as ATOMOS introduces new operational and/or maintenance procedures 
based both on reduced crews and on enhanced support to the operator/maintainer by means 
of the integrated SCC. 

 



ATOMOS II Final Report  Page 39 of 103 

 
 
ATOMOS II Task 1.1/24                                                                                 ID A211.00.01.047.006b  

NAVIGATION

Loran

Meteo 
Conditions

Sea Conditions

DSS

Navigation
Parameters

Position

Direction Travel

Other Ships 
Position

Environmental 
Conditions

RDF

Master Magn.
Compass

Gyro Compass

Radar

GPS
Route Mainten. 
and Correction

Route 
Planning

Radar/ARPA

Propulsion Structure Stablity

Communication

Speed Travel

Atomos II
Sensitive

Atomos II
Specific

Legend
:

Function

System

Piloting 
Auto/Manual

 
 

Figure 12 - Functional Analysis: Navigation Function 

 
Each of the identified influencing factors can affect the safety of a ship both in “positive” and 
in “negative” ways, where “positive” means an increase in safety and “negative” an increase of 
risks. 
 
The Risk Assessment has been performed only for the two most critical hazards identified 
during the previous hazard analysis phase.  Nevertheless the results obtained are sufficient for a 
first validation of the ATOMOS II concept, as the hazards analysed cover two of the main 
causes of marine casualties experienced by the EU fleet. 
 
The results of analyses show an increase of the safety level an ATOMOS ship. The following 
are the most influential factors in the performed analyses: 
 
• The introduction of an advanced decision support function and the availability of the 

associated DSS, as it decreases the frequency of human errors. 
• The advanced Diagnostic & Alarm Handling System, as it contributes to a generalised 

improvement of the operator’s awareness during critical situations associated to multiple 
alarm conditions. 

• The presence of an advanced network has been considered as a possible critical 
“bottleneck” for the management of future vital information/commands.  

• The improved operator’s awareness and capability to identify alarms and malfunctions. 
• The availability of a reduced crew has been considered as a possible criticality during 

emergency manual operations. 
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The criticalities associated with the introduction of new Programmable Electronic System 
based technologies as well as with the massive involvement of software and networking have 
been take into account.  For this reason the Safety Intregrity Level approach applied in other 
industrial sectors has been briefly discussed also in view of further R&D developments. 
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Figure 13 - Risk Profile for "Collision" 
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Figure 14 - Risk Profile For "Fire Accident" 
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4.7.2.3 Sub-Task 1.8.3, Cost-benefit Analysis of the Conceptual Standard for SCC 
Design (including HMI) 

 
The analysis performed in the original ATOMOS project resulted in the following conclusions: 
 
ATOMOS Project Conclusion No. 1: Over a broad sample of ships, ship types and flags (all EU 
flags included), an ATOMOS-type ship manned by a crew of 10 is likely to realize significant 
lifetime cost savings over its equivalent conventional ship. This means that ATOMOS-type 
technologies are likely to significantly improve the competitiveness of the EU fleet. 
 
ATOMOS Project Conclusion No. 2: For those ships (EU flags included) that are manned by 
expensive crews an ATOMOS-type ship manned by a crew of 10 is likely to be less competitive 
than an equivalent conventional ship that flies the same flag, has flag nationals only for the 
captain and  first officer position, and non-EU low salary personnel for the rest of the crew. 
 
These conclusions were significant in that they indicated a positive economic impact of 
technologies associated with an ATOMOS-type ship (including an optimized Integrated Ship 
Control and Ship Control Center design), under certain circumstances. Four years later, and 
now that the ATOMOS II project has ended and Task 1.8.3 is completed, we believe that the 
central conclusion of this project as far as cost-benefit analysis is concerned can be stated as 
follows: 
 
ATOMOS II Project Central Conclusion: The single most important economic benefit of an 
ATOMOS-type ship is the one attributed to savings on manning costs. The only other benefit 
that has been documented refers to loading and discharging and is of much lesser importance. 
 
Indeed, in both areas of maintenance and repairs and of loading and discharging, that have been 
examined, any benefits that were able to be quantified were much smaller in magnitude than the 
benefits due to manning reduction for the same ship. And it must be kept in mind that benefits 
in the loading and discharging category can be attributed to the port as much (if not more) than 
they can be attributed to the ship itself. 
 
At first glance, this result may seem disappointing, particularly if high expectations of 
substantial additional benefits were formed (mainly from ATOMOS technologies developers). 
Since this was not necessarily the case, let us comment on the implications of the central 
conclusion. 
 
First of all there is still no question that an ATOMOS-type ship enjoys significant economic 
benefits over a conventional ship. The very first drive for ships of this nature was due to this 
issue, and such benefits were clearly documented. 
 
However, over and above this fact, the shipping industry, in its quest to further reduce manning 
costs, has put tremendous pressure on national governments to reform manning legislation. To 
that effect, in the last several years, many EU countries have moved forward with more liberal 
manning regulations, so that crew costs would be further reduced. Parallel international 
registers were established in many countries, allowing foreign nationals to complement many 
positions on board a ship. 
 
These developments would allow shipowners in many (not all) EU countries to still fly their 
national flags but with a very thin national representation in their crew. This would reduce ship 
costs dramatically, even for conventional ships. 
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It would seem that under such a regime, the need to turn to a highly automated ship in order to 
achieve lower manning costs is reduced, because such an objective could be achieved with 
other means. 
 
Still, the need to further reduce crew positions on board seems to be prevalent within the 
shipping industry, independent of the nationality of the crew. After all, and as also noted in 
ATOMOS Task 2319, an ATOMOS ship which is also a low salary ship would be impossible 
to beat. So long as the goal of crew reduction can be achieved without a compromise in ship 
safety (or, even better, by achieving a better safety standard), the value of an ATOMOS-type 
ship would be substantial, whatever the nature of its crew. 
 
Our opinion is that it is mainly in the safety and reliability areas (areas that come under the 
general umbrella of "Quality") that further benefits of an ATOMOS-type ships should be 
sought after. ATOMOS II Task 1.8.2 has produced insights on this score from the technical 
viewpoint, and a synthesis of these results will be performed in DISC II Task 7.2. 
 
Of course, quality shipping has also other components, such as education and training, 
environmental friendliness, and possibly others. However, as it is already a serious objective 
within the shipping community, we think that ATOMOS-type ships clearly have an important 
role to play in that regard. 
 

 

Figure 15 - Tankers 

The figure above shows the N.P.V. of the Differences: 
i) between the normal and the cheap manning cost (same crew size/cheap crew) 
ii) between the normal and the "ATOMOS" manning cost (10 people crew/same 

nationality) 
 
Still, the need to further reduce crew positions on board seems to be prevalent within the 
shipping industry, independent of the nationality of the crew. After all, and as also noted in 
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ATOMOS Task 2319, an ATOMOS ship which is also a low salary ship would be impossible 
to beat. So long as the goal of crew reduction can be achieved without a compromise in ship 
safety (or, even better, by achieving a better safety standard), the value of an ATOMOS-type 
ship would be substantial, whatever the nature of its crew. 
 
Our opinion is that it is mainly in the safety and reliability areas (areas that come under the 
general umbrella of "Quality") that further benefits of an ATOMOS-type ships should be 
sought after. ATOMOS II Task 1.8.2 has produced insights on this score from the technical 
viewpoint, and a synthesis of these results will be performed in DISC II Task 7.2. 
 
 
 
 
 

 

Figure 16 - Tankers 

The figure shows the N.P.V. of the differences between the ships' benefits  before and after the 
implementation of the "loading/unloading automation systems". 
 
Of course, quality shipping has also other components, such as education and training, 
environmental friendliness, and possibly others. However, as it is already a serious objective 
within the shipping community, we think that ATOMOS-type ships clearly have an important 
role to play in that regard. 
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5. RESEARCH AREA 2 – ISC SYSTEM DEVELOPMENT 

5.1 Task 2.1 – Architecture and Reference Model of ISC Systems 

5.1.1 Task 2.1 Objectives 
 
The main objective of task 2.1 was to provide a unified, proper and adequate frame description 
of a given ISC system and its components as well as the interfaces between them. The usage of 
a system architecture is the most appropriate way of defining such a frame for describing a 
complex process or system in terms easily comprehended, i.e. providing an overview. In 
addition it supports relatively easy identification of characteristics, and by that needed interface 
descriptions and standards. 

5.1.2 Task 2.1 Description 
 
The work program for task 2.1 covered the following phases: 
 
• Subtask 2.1.1 - Study of Related Application Areas 
• Subtask 2.1.2 - Specification of ISC Architecture 
• Subtask 2.1.3 - Functional Profiles and Conformance Classes 
• Subtask 2.1.4 - Access to Integration Mechanism 
 

5.1.2.1 Subtask 2.1.1 – Study of Related Application Areas 
 
The main objective of this subtask was to study the usage of architectures in related areas like 
factory automation, office automation, aviation automation and maritime automation. The 
necessary information has been drawn from the corresponding standardization documents 
worked out in IEC TC 184, IEC TC 80 and the ARINC organization.   
 

5.1.2.2 Subtask 2.1.2 - Specification of ISC Architecture 
 
The main target of this subtask was the specification of the ISC architecture and the 
development of the reference model. Input from the previous ATOMOS project as well as the 
DISC project and the CONVERGE project has been taken into account. The reference model 
has been set up by using the CONVERGE guidelines.  
 

5.1.2.3 Subtask 2.1.3 - Functional Profiles and Conformance Classes 
 
The main goal of this subtask was to describe a method for creating functional profiles and 
conformance classes. The proposed method is based on the definition of the ISC reference 
model (subtask 2.1.2). The concept of grouping information for different standardised 
functional units into function blocks has been used in MMS, MiTS, Fieldbus and is also part of 
DISC. 
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5.1.2.4 Subtask 2.1.4 - Access to Integration Mechanism 
 
The aim of this subtask was to define the basic integration mechanism for the interconnection 
and communication between subsystems. This mechanism is independent of the specific 
functionality and realization of these subsystems and also open to different standards for 
communication. 
 

5.1.3 Task 2.1 Results 
 
The study on related areas showed, that for ATOMOS the hierarchical automation model, the 
generic description mechanism, and the method of standardization (all derived from TC 184) 
should be adopted. Further on OLE in general and the special use of OLE for process control 
(OPC) should be considered as elements of the ISC architecture (derived from office 
automation). In the area of maritime navigation automation the NMEA standards and the IEC 
61162 series of standards have been discussed. The conclusion was, that the NMEA 0183 and 
corresponding IEC 61162-1/2 standards are of high value for future IEC companion standards 
and that a direct usage as well as a conversion of these telegrams into the ATOMOS network 
would be the most appropriate solution. In the area of aviation automation the ARINC 429 and 
629 standards have been studied. The result was that there is nothing new for the maritime 
field. 
 
The specification of the ISC architecture has been carried out according to the following frame: 
 
1 System Concept 
 
1.1 Vision Statement: A brief statement of WHAT the system should achieve, clearly 

defining the system boundaries; 
1.2 Identification of Users: All persons affected by, or who will have an effect on the final 

system; 
1.3 Mission Statement: A brief statement of HOW it is proposed to produce the system. 
 
2 System Characteristics 
 
2.1 A description of all properties that the final system should exhibit. 
 
3 System Requirements 
 
3.1 Context Requirements: An expression of assumptions about the system environment 

together with policy statements and strategic and tactical considerations for the 
development and/or deployment of the system; 

3.2 Functional Requirements: Requirements defining the type of service expected from the 
system; 

3.3 Non-Functional Requirements: Requirements referring to intrinsic quality requirements 
of the proposed architecture; 

3.4 Context Diagram: Showing the information exchange with terminators representing data 
sources and sinks. 
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4 Reference Model 
 
4.1 Models concerned with the control domain. 
 
5 Architectures 
 
5.1 Functional Architecture & Control Architecture: Describes the sub-functions of the 

system and the control and data flow between them; 
5.2 Information Architecture: Comprises data models for the sets of data that have been 

identified; 
5.3 Physical Architecture: Describes the allocation of physical units, and the communication 

paths between them, required performing the functions of the Functional Architecture; 
5.4 Communication Architecture: Describes the channel characteristics identified within the 

Physical Architecture. 
 
Following the above frame an eight-layer reference model has been set up: 

 
 FUNCTION WHAT IS BEHIND 

 
Layer 7 User Interface 

 
Display of information, input of commands  

   
Layer 6 Passage Control Comprises all functions for safe passage execution from harbour A to 

harbour B 
   
Layer 5 Exception Handling Deals with threat vessels, with fire alarm, inrush of water, piracy, 

grounding and any other automatically detected emergency situation   
   
Layer 4 Controlled 

Navigation 
Autopilot function for safe navigation from one waypoint to the next 
waypoint 

   
Layer 3 Autonomous 

Operation 
Covers all functions for autonomous operation of the engine with 
related auxiliary systems like power generation, cooling, etc. 

   
Layer 2 Database 

Management 
Provides management of central and distributed  local databases 

   
Layer 1 Basic Safety Comprises system manager for handling of system errors, network 

overload, component failure, etc. 
   
Layer 0 Communication Covers all functions for communication between different subsystems 

via ATOMOS network 
   
 

Figure 17 - ATOMOS ISC Reference Model 

 
It should be observed that this reference model does not cover the pure communication itself. 
This is done by way of the well-known OSI reference model, which is still valid here. In the 
context of the above figure, the OSI reference model resides below layer 0 of this 
configuration. 
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The work on functional profiles and conformance classes (2.1.3) was based on the previously 
introduced reference model. Each layer of this model acts as a container for a number of related 
functions, which work together in order to provide the required services at this layer. An 
example for a common interface between navigation and automation, based on the reference 
model shown before, is given in the next diagram. It shows the upper four layers of the 
architecture, which are mainly concerned with the user interface and the navigation, here 
denominated as navigation. Further on it shows the lower four layers of the architecture, which 
are mainly concerned with the autonomous operation (automation) and lower support functions, 
here denominated as automation. 
 
 

 

Figure 18 - Functional Profile with Common Navigation/Automation Interface 

 
The work on conformance classes resulted in the shown in Figure 19. 
 
The access to the integration mechanism has been studied in subtask 2.1.4. First related 
communication standards like MMS/FMS, IEC TC80, OLE/OPC, CORBA/OpenDoc have been 
checked. In the next step the general integration concept based on a client-server architecture 
with standardised descriptions for applications by mapping of services, by standardised names, 
by grouping to conformance classes, and by a common language have been discussed. A model 
for object dictionary handling has been introduced starting from local dictionaries, via remote 
object dictionary and finally showing the advantages of an object manager. Summarising the 
concept for the integration mechanism, suppliers have to deliver their subsystems in accordance 
with the referring conformance class valid for this kind of ISC system (as global definition) and 
of that type of subsystem. In our example, supplier 1 delivers the server subsystem 1 which 
fulfils the requirements of the conformance class for type A applications, supplier 2 delivers 
subsystem 2 which has the conformance class for type B applications. 
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get_value or set_activator 

CC level-2 Standard level Access to standardized functions of a device e.g. to all IEC 61162-
1 sentences of a navigation device, minimum level for 
classification of safety relevant functions, because status 
information is included 

CC level-3 Extended level Access to all operational functions of a device including 
manufacturer specific functions 

CC level-4 Diagnostic level Access to basic diagnostic functions and user configuration 
settings for at least one remote control user interface on board 

CC level-5 Manufacturer level Access to further diagnostic functions including register settings, 
memory dump, data pipe monitoring, factory settings etc. 

 

Figure 19 - Level Model of Conformance Classes 

 
Together with the subsystem, the vendor has to supply a Companion Standard (CS) 
description of his application according to the requirements defined in subtask 2.2.2. The CS 
must fit to the demands of the referring Conformance Class (CC). For the online integration 
process, CSs can be translated to Object Dictionaries (ODs) which are available online by one 
of the mechanisms described in the last chapter. They contain the descriptions of available data 
types and objects. Reading the server OD, any client application can check if the required data 
are available from that server. 
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Figure 20 - The Principle Integration Mechanism 
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5.1.4 Task 2.1 Discussion 
 
The work for the four subtasks has been finally performed as planned. Comprehensive and 
fruitful discussions took place with task partners in order to find the optimum frame for the ISC 
architecture and the best suitable method of creating the reference model.  
 

5.1.5 Task 2.1 Dissemination and Exploitation 
 
The work of task 2.1 will have a great impact on future ATOMOS ISC development. The 
developed ISC reference model could become the same importance for ISC development as the 
OSI reference model for general communication. 
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5.2 Task 2.2 – Data Distribution Systems On-bord Ships 

5.2.1 Task 2.2 Introduction 
 
The objectives of the work in this task has been to utilize and expand the results from 
ATOMOS I to cover the entire area of ISC applications aboard ships. The integrated 
information system that will be the result of this work are the means needed to achieve the total 
integration of true ISC applications as well as external non real-time applications’ demand 
information from the ISC system and supplying information, e.g. logistics and cargo 
information, back into the ISC system. To develop the necessary set of conformance classes 
covering the applications and components part of the ISC system. 
 
The background for research in the area "Data Distribution Aboard Ships" is the growing 
complexity of the infra structure onboard all types of modern ships. Equipment of today and 
upcoming generations are all computerized and interconnected by one or more control 
networks. More complex systems and infra-structure arise the need of "a formal way to proof 
operation of the ship". The classification society has recognized this as an important goal in the 
next century. 
 
The infra-structure (network) is a crucial point because it is the single component covering the 
whole ship and is used for interconnection different types of equipment from different vendors. 
 
The activities in task 2.2 was been divided into four main areas: 
 
1. Continuation of ATOMOS I and task 2.1 
2. Network Management and performance analysis 
3. Interface to Maritime Black Box. 
4. Support to application providers and preparation towards DISC II 
 
The work will investigate and describe an outlook into the future for data distribution aboard 
ships and provide recommendations for optimized data exchange. A state-of-the-art assessment 
based on partner experience and related work in the international community will be taken into 
account. 
 
Task 2.2  “Data distribution Systems On-board Ships” was divided into the following sub tasks: 
 
2.2.1, Identify Areas where companion standards are needed 
2.2.2, Specify and implement Companion Standards for typical ISC Components 
2.2.3, Identification and Definition of Conformance Classes for ISC Equipment 
2.2.4, Communication Pattern Analysis Specification 
2.2.5, Network Management 
2.2.6, Interface to Black Box System. 
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5.2.2 Task 2.2 Purpose 
 
The objective of sub-task 2.2.1 Identify Areas where Companion Standards are Needed was to 
identify areas where companion standard will improve the quality of integration. The 
identification work was governed by the general framework from task 2.1 (e.g. guide lines for 
writing companion standards). The methods applied has been to perform a substatial survey of 
a large number of real ship automation projects to identify areas where companion standard and 
conformance classes can increase safety and ease integration 
 
The objective of sub-task 2.2.2 Specify and Implement Companion Standards for Typical ISC 
Components is to specify a set of companion standards for typical ISC components and 
subsystems covering a variety of application areas. The methods has been to demonstrate this 
through a number of test cases (a main engine and a valve) 
 
The objective of sub-task 2.2.3 Identification and definition of Conformance Classes for ISC 
Equipment is to identify Conformance Classification of ISC equipment, ranging from simple 
components like pumps to complex subsystems like Main Engine Control Systems.  
 
The objective of sub-task 2.2.4 Communication Pattern Analysis Specification is based on the 
actual configuration and the required conformance class give guidance on how to analysis and 
predict the behavior of the ISC system under different working conditions, including 
degradation/failure of the ISC system. The method applied has been to develop a formal 
methodology for verifying temporal behavior of the connecting network  
 
The objective of sub-task 2.2.5 Network Management System was to provide on-line 
information about the system performance under various load conditions.  
 
The objective of sub-task 2.2.6 Interface to Black Box Systems was to specify and implement an 
interface to the MBB black-box system.  
 
The ATOMOS dual network based on ARC-net technology was taken for granted because it 
still has some winning points, including: 
 
• A capacity of up to 3000 messages/sec of 16 bytes length; 
• A capability of using several hundred meters long cables without amplification; 
• Being based on a token principle, which (in contradiction to Ethernet) has worst case 

transmission estimates and hence has deterministic qualities. 
 
To facilitate evident results of behavior the whole network has been modeled. This include 
models of electronic transceivers, the whole token protocol and telegram queuing mechanisms 
in the control equipment. A simulator based on the model has been implemented and the whole 
network traffic can be simulated off-line. So before constructing the ship infra structure 
transmission characteristics can be evaluated and a number of different proposals can be hold 
up against each other. And even worst case situations can be evaluated as wished by the 
classification society. The results can afterwards be used for constructing network supervision 
constraints to be used on-line so a malfunction system can be identified on an early stage. 
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A substantial survey of more than nearly 200 maritime automation installations has been 
carried out to identify where companion standards can give a major impact as described above. 
The survey ended up with a proposal of two very different kinds of subsystems to use for two 
test cases, namely a (simple) valve controller and a (complex) large main engine from 
MANBW. 
 
The valve can be a stand alone component and can in other cases be a part of a larger 
subsystem. The test case shows that defining companion standards based on a reference model 
easy integration like developing digital circuits on standard components. 
 
The main engine did also show some interesting results. It is a very complex component but 
still it is possible to "extract" similarities so a conformance class for "main engines" can be 
established.  
 
An interesting observations when developing conformance class is that if there is given a 
conceptual framework for conformance class description it is possible to take this into 
consideration when designing new applications. In other words if a proper conformance class is 
available for a given subsystem/component it can have positive impact on the design of new 
systems.  
 

5.2.3 Task 2.2 Conclusions 
 
The following conclusions of Task 2.2 can be drawn: 
 
1. For one of the first control networks in the world, a traffic verification methodology and 

corresponding tools for the ATOMOS network has been developed so a more precise and 
valid verification of behavior can be performed. It has given very promising results that will 
give the basis for a further work in this area. The result has been a methodology and 
technical recommendations for optimizing communication within the ISC system. 

2. Based on a survey of several hundred of actual ship automation installations an outline for 
companion standards and some conformance classes has been developed. Even for a large 
main engine it has been proved that standardization is the way to go.  

3. The selected components and subsystems have demonstrated the overall advantages of the 
concept. A subsystem will be selected and implemented for demonstration purposes as part 
of DISC II. The result has been a set of Conformance classes. 

4. The Network Management System has together with the ABIT (ATOMOS Built-in Test) 
system provides means to improve fault tracking. 

5. A general interface between ISC and Maritime Black Boxes has been developed in liaison 
with the MBB Consortium, and expect to be demonstrated as part of DISC II. 
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5.3 Task 2.3 – Unified Platform and HMI 

5.3.1 Task 2.3 - Introduction 
 
Several deliverables of the ATOMOS II and ATOMOS III project will be running prototypes of 
different kind of applications. They will be specified and implemented within these projects 
and they shall work together on one target system. Therefor an early definition of an unified 
development platform with special HMI tool-set is thus vital to ensure optimal and coherent 
results which later can be smoothly integrated. 
 
After detailed conceptual discussions with application developers it turned out, that the main 
problem areas for application development are given by the following items: 
 
• Common hardware and software platform 
• Common design of the visual layout 
• Common frame program for starting, supervising and stopping applications 
• Standardized interface for network access 
 
The common platform has been worked out and specified in the framework of  
 
• Subtask 2.3.1 - Product Survey and Requirements 
 
The common visual design has been developed and described in the framework of 
 
• Subtask 2.3.2 - Evaluation of HMI Tool 
• Subtask 2.3.3 - HMI Concept and Style-guide 
 
The common frame application and the network interface has been developed within  
 
• Subtask 2.3.4 - Implementation of IF Tool-set 

 

5.3.2 Task 2.3 - Common Platform 
 
Starting with a product survey, subtask 2.3.1 gives an overview about general requirements for 
bridge HMI systems (Human Machine Interface Systems), it represents in short relevant 
applications, their costs and hardware requirements. The survey is primarily focused on those 
applications, which are used directly on the operator workstation. In a distributed ATOMOS 
environment further applications on field computers and servers might be used as well.  
 
Based on these demands a suitable system architecture for the HMI system is defined. It comprises 
a competitive hardware, an operating system, a dialog manager and an application builder. The 
definition phase is supported by a product survey on available tools and standards. 
 
The final discussion shows, that a PC hardware with Microsoft Windows NT operating system 
would be the best answer. The bridge HMI system should be developed using Microsoft Visual 
Basic with OCX modules or DLL modules were appropriate. Other developing tools like Borland 
Delphi or Java might be used as well. 
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5.3.3 Task 2.3 - Common Visual Design  
 
The resulting concept for the screen layout shows a division into three areas: 
 
• Status area in the top line 
• Application area in the center 
• Common control area in the bottom line 
 
The status area displays at all times important navigational and alarm information and has no 
controls. 
 
The application area opens a free space for one single partner application.  
 
The common control area offers at all times ten buttons for control of the partner applications.  
 
All areas together cover the complete screen with 1280 x 1024 pixel. The pixel size and the 
position of said areas are always the same irrespective of the working place and the activated 
application. 
 

 

Figure 21 - Screen Areas 
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The user interface has been developed according to the general principles of the Microsoft 
Windows Style Guide. For maritime control applications the following exemptions have been 
introduced: 
 
• Control application windows are not allowed to be changed in size or iconised 
• The Taskbar of Windows NT is not visible in the control applications 
• Menus are optimised slightly 
 
The first two exemptions are made to ensure that the user cannot inadvertently change to 
another application and thus loose control. There is only one way for the user to make a 
conscious change to another user application: he has to exit the control application and then 
start the desired application. 
 
There is a number of interactive components provided by Windows NT. These components 
provide a consistent structure and set of interface conventions. For ATOMOS an allowed set of 
interactive components has been derived defining the size of buttons, lines and letters, the 
colors of each HMI element in different daylight conditions and the arrangement and the 
behavior. 
 
The complete specification of the ATOMOS HMI has been documented in the ATOMOS style-
guide, which is attached to the IEC proposal for future bridge layout. Reference is made to 
ATOMOS ID A217.00.11.052.001E ‘Conceptual Standard for SCC Design (including HMI)’, 
which is available at http://www.atomos.org/research/off-release/Task1.7/. 
 
The practical evaluation of the styleguide was based on the implementation of a 
demonstration application. For this purpose an alarm management application has been 
selected. It receives various alarms from different subsystems of the ISC and displays 
corresponding alarm symbols in a graphical time versus priority diagram. Compared to the 
standard approach with alarm lists this new concept provides the following highlights: 
 
• Alarms are displayed within the actual time frame 
• The remaining time until severe loss or damage etc. can be recognised at once 
• User decisions can be based on a complete scenario overview 
• Alarms from different subsystems can be shown with their time relations 
• Alarms are classified according to their risk and their time constraint 
 
For the demonstrator the system architecture of the alarm manager has been slightly modified. 
It includes a simulator generating alarm events and a local data base with detailed alarm data. 
 
The functions of the system are as follows: In the idle state an empty yellow/red alarm area is 
shown. It presents 
 
• In the horizontal axis: time in minutes with fixed actual time 
• In the vertical axis:  increasing alarm level with yellow area for important and  
    red for critical alarm situations 
 
In an assumed initial alarm state a number of alarm symbols, each one corresponding to a single 
alarm pops up on the fixed vertical line. A trend line for each alarm shows the history of the 
alarm value as well as the calculated future development. The point, where each trend line 
crosses the border between yellow and red area indicates, which of the alarms will become at 
first critical. So the user can decide, which alarm has to be worked upon first and how much 



ATOMOS II Final Report  Page 56 of 103 

 
 
ATOMOS II Task 1.1/24                                                                                 ID A211.00.01.047.006b  

time will be left? Upon clicking to an alarm symbol a window is opened with detailed 
information about the alarm. 
 
The evaluation showed that the platform and the tools could be well used for the further design 
phase. 
 
 

 

Figure 22 - Alarm Management System, Initial Alarm State 

 

5.3.4 Task 2.3 Common Frame Application and Network interface 

5.3.4.1 General Concept 
 
The general concept for the common frame application and for the network interface is as 
follows: 
• The frame application works like a program manager. It is always present. It can not be 

covered by any other program, it controls the access to the operating system (only with 
supervisor status). It controls the execution of all partner applications.  

• Every partner application is developed and executed as a separate and independent 
executable. 

• Every partner application has access to the ATOMOS network via network server. The 
definition of the network server interface is part of the HMI toolset. 
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• The communication between partner applications (clients) is performed via the network 
server. 

• No direct links between programmes are supported. 
• Every partner application may be developed using Visual Basic, Visual C++, C++ or 

anything similar, as long as the network interface technology is supported.   
 
The following diagram shows the relations between the different applications: 
 
 

Figure 23 - HMI System Architecture   

 

5.3.4.2 Main Functions of the Application Manager 
 
The main functions of the application manager comprise the permanent display of elementary 
navigational information and a quick selection of basic control functions under all 
circumstances and independent from the actual screen status. 
 
The application manager and all applications have easy and comfortable access to the 
ATOMOS Network. This is ensured by the installation of an ATOMOS Network Server on the 
considered workstation. The network server is not part of the implementation of the IF tool-set 
but of the related network tasks. Nevertheless the interface between an application and the 
network server has been developed in this context in order to ensure a smooth integration of 
partner applications. 
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5.3.4.3 Implementation of the Application manager 
 
The application manager consists of 10 Visual Basic modules. Each of them supports a specific 
function as follows: 
 

NO FUNCTIONS VISUAL BASIC MODUL 
1 Initialize variables and constants, declare global functions, 

provide main modul 
Atomos.bas 

2 Set time and handle timer Time_set.frm 
3 Inform about network connection Info_form.frm 
4 Provide a screen saver Scrsaver.frm 
5 Load customer defined background picture Background.frm 
6 Display basic navigational status data, receive these data from 

network 
Status_area.frm 

7 Provide control buttons for most important applications and for 
the tree, for brightness and default setting 

Common_control_area.frm 

8 Switch between applications Tree.frm 
9 Set to default  Default_scr.frm 

10 Control brightness Brightness_from.frm 
 

5.3.4.3.1 Implementation of Status Line 
 
The implementation of the status line is shown in the subsequent figure: 
   

 
 

Figure 24 - Navigational Status Line 

 
The status line is an independent window which has been set with the API function 
SetWindowPosition* and the option Topmost on top of all other programs. 
 
The status line receives the navigational process values from the network server after initial 
setup. The procedure is as follows: 

1. After initial start-up the status line transmits the list of required navigational process values 
to the server. The values are identified by their name as defined in the corresponding 
navigational companion standard. 

2. For each value the required update mode (upon change, every second etc.) is given. 

3. The server delivers the requested values according to the specified intervall. 

4. The status line application uses the variant data format and thus can accept a wide range of  
formats defined by the companion standard and received from the server. 

 

5.3.4.3.2 Implementation of Control Line 
 
The implementation of the control line is shown in the subsequent figure: 
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Figure 25 - Implementation of Control Line 

 
The control line comprises six buttons for the selection of high priority applications with the 
alarm manager as the most important application in the top left position. The control line is an 
independent window which has been set with the API function SetWindowPosition* and the 
option Topmost on top of all other programs. 
 

5.3.4.3.3 Implementation of Application Switching 
 
The switching between applications is controlled by the application manager. It can be initiated 
by one of the six select buttons for high priority applications or by entering the tree presentation 
and selecting the required application or sub-menu for all applications. For safety reasons only 
one application is displayed at a time. 
 
The following figure shows the tree as well as the sub-menu for brightness control: 
 

Figure 26 - Application Manager with Active Tree and Brightness Control  
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The whole tree comprises six sub-trees per page and the necessary number of pages for the 
presentation of all installed applications. The switching between pages is performed with the 
large vertical buttons on both sides of the tree. 
 
The running applications are marked with a red name. 
 
Every sub-tree provides access to one of the applications with up to six sub-menus. The 
selected sub-menu name is used as an option parameter for the start of the corresponding 
application. So the operator can directly enter into the requested sub-menu. 
 
If an application is already running, it shall not be started again, but only put in front. The 
necessary algorithm is implemented by direct usage of the MS handles. 
 

5.3.4.3.4 Background 
 
A common background with a freely selectable, and application related picture (i.e. a container 
ship) is used in order to cover the Windows NT user surface. The background has the same 
properties as the status and control line. It is set to the topmost presentation. 
 

5.3.4.4 Implementation of the Data Server 
 
The ATOMOS data server consists of two Visual Basic modules 
• the modmain.bas module with the main program loop and  
• the server.frm module with the user interface 
 
Although there is no user interface required for normal operation of the server we added a 
Visual Basic frame for test purposes and easier program evaluation. 
 
The purpose of the server is the cyclic generation of selected navigation data for the application 
manager status line and for the alarm application. The data are created by a random generator 
and visualized in the server frame. This frame is visible during start up of the application 
manager. 
 
The generated data are written to the network. Two networks are supported, one is the Ethernet 
and the other one is the ATOMOS network. 
 
The Ethernet has been included, because the program can be evaluated and tested by all 
interested users, without having an ATOMOS network card. If the Ethernet option is selected 
by the user during start-up, the server is started as an OLE automation servicer.  
 
If the ATOMOS Network Interface board - ‘ANIboard’ - option is selected during start-up, the 
server is calling special ‘ANIboard’ functions of the layer 7 p-net protocol [Pnet]. 
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5.4 Task 2.4 – Generic ISC Database 
 
The main issue of this task is to propose a standard for a generic ship description database with 
main focus on information required by the ISC system and its associated applications. The 
intention is that the database structure shall be common for all ISC sub-systems, like for 
instance the load planning and cargo management system and the hull stress monitoring system. 
The database structure will be prepared and subsequently implements for the different kinds of 
data required by such applications under the suggested research programme for 6.3.3/26. 
 
The task is divided into the following sub tasks: 
 
2.4.1 Requirement Specification 
2.4.2 Selection of Standard 
2.4.3 Database Modelling 
 

5.4.1 Task 2.4 Description 

5.4.1.1 Task 2.4.1 Requirement Specification 
 
The report on subtask 2.4.1 is dealing with requirements for a Generic ISC database. First it is 
described in which environment the database is to function. The purpose of the database is 
explicitly stated into 3 purposes - all to be covered by the database: 
 
• Provide data exchange between applications executed on non real-time networks 
• Provide static data (e.g. ship model) 
• Provide data from real-time network for applications executed on non real-time networks as 

well as for applications on real-time networks. 
 
The figure below shows the structure of the ISC Database. 
 
 

ISC Database

Database interface

Database interface

Logger
agent

Real-time network

Application

Network driver

Network
service agent

 
 

Figure 27 - Structure of the ISC Database 
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The system functions and the environment in which the ISC database is to operate are further 
treated. Specific requirements to the interface and the ISC database itself are listed. 
 
Finally are overall requirements for the “Cargo Management System” treated in order to elicit 
general requirements from high level applications. The “Cargo Management System” is used as 
an example. Requirements from the automation point-of-view are also listed. 
 

5.4.1.2 Task 2.4.2 Selection of Standard 
 
The report on subtask 2.4.2 is describing selection of a standard for data modeling of the 
Generic ISC database. This report is the work to be done in the ATOMOS task 2.4.2 and it will 
continue the work done in the ATOMOS task 2.4.1 “Requirements Specification”, which 
described overall requirements for the computer environment in which the Generic ISC 
database is to function. With this task the scope is narrowed down to the modeling of the 
content of the database - more exactly - selection of a standard for describing modeling of data. 
 
This report is dealing with selection of a standard for modeling of the data content of the 
Generic ISC database. First a number of different standards are shortly described followed by a 
definition of the requirements, which the standard selected is to fulfill. Based on the previous 
utilization of the standards in different industry areas the most appropriate standard for the 
marine community is selected. This standard is the STEP Standard. 
 
Different aspects of the STEP Standard is then described in details. This includes the history 
behind the development of the standard, the organizations and projects contributing to the 
development of STEP. Finally the overall structure of the standard is described. A part of this 
structure is the EXPRESS language, which is used for creating application specific models 
within STEP. 
 
STEP is then put into the context of the further work to be done in the ATOMOS II project. 
This results in using the EXPRESS modeling language for modeling the content of the Generic 
ISC database. 
 

5.4.1.3 Task 2.4.3 Database Modeling 
 
The report on subtask 2.4.3 is describing data modelling of the Generic ISC database. This report 
is the work to be done in the ATOMOS task 2.4.3 and it will continue the work which have been 
done in the ATOMOS task 2.4.1 “Requirements Specification” and task 2.4.2 “Selection of 
standard”. Task 2.4.1 described the overall requirements for the computer environment in which 
the Generic ISC database is to function and task 2.4.2 the selection of a standard for describing 
modelling of data. With present task the scope is narrowed down to define the detailed data 
structures needed to model the content of the database. 
 
The report is dealing with the detailed data structures needed to model the content of the Generic 
ISC database. The main issue is to define data structures of common interest and data structures 
essential for the Hull Stress Monitoring System (HSM) and the Cargo Management System 
(CMS). Further more the database model is kept as simple as possible. 
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ENTITY EShip_hydrostatics 
 SUBTYPE OF(EShip_data); 
 angle_of_heel :TPlane_angle_measure; 
 angle_of_trim :TPlane_angle_measure; 
 draft :TPositive_length_measure; 
 immersed_volume :TVolume_measure; 
 centre_of_buoyancy :EPoint_3D; 
 centre_of_flotation :EPoint_3D; 
 longitudinal_second_moment_of_waterplane_area :TInertia_moment_of_area_measure; 
 transverse_second_moment_of_waterplane_area : TInertia_moment_of_area_measure; 
 waterplane_area :TArea_measure; 
UNIQUE 
 UR1 : angle_of_heel, angle_of_trim, draft; 
END_ENTITY; 
 
ENTITY EShip_hull_moulded_form 
 SUBTYPE OF (EShip_data); 
 hull_geometry :  SET[1:?] OF TIdentifier; 
 number_of_index : INTEGER; 
UNIQUE 
 UR1 : hull_geometry; 
END_ENTITY; 

 

Figure 28 - Example of Data Model for the Ship Hull and Ship Hydrostatics 

 
The report cover areas like Generic resources, Version control, Measures, Ship data including 
identification, classification, principal characteristics, geometry, compartments, hydrostatics, hull 
moulded form (see example above), weight distribution, longitudinal strengths and loading 
conditions. Furthermore various properties regarding cargo, ports, and sensor data have been 
modelled.  
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5.5 Task 2.5 – Standards and Procedures for Developing 
Dependable Maritime Programmable Systems 

5.5.1 Task 2.5 Introduction 
 
A modern ship will have many computers on board, ranging from the obvious and readily 
visible ones in the ship’s offices to those embedded in an engine management system.  For a 
ship to perform effectively it is essential that all these computers work correctly whenever 
required. 
 
To complicate matters, shipboard computers and their associated sensors and actuators (known 
collectively as Programmable Electronic Systems or PES) are being increasingly interconnected 
so that they can work together to automate both routine and emergency operations.  At the same 
time in order to manage costs developers re-use both hardware and software components in 
several applications. 
 
As part of the drive to improve operational efficiency ship management and control is 
increasingly being supported by (or even allocated to) PES.  PES can provide significant 
benefits in terms of increased vigilance, flexibility of operation, precision of control and 
operator’s situational awareness.  When applied correctly PES technology may reduce the 
incidence and/or effect of human error.  In general PES can increase the ability of seafarers to 
manage their ship in both normal and emergency conditions; provided that the PES is 
dependable.  In ATOMOS II (and the related DISC and DISC II projects) LR investigated 
alternative ways of ensuring the dependability of marine computer systems. 
 
LR’s part in the ATOMOS II project related to the third objective of the project and centred on the 
development of guidance and assurance methods for the production of usable, high-integrity 
programmable systems in marine applications.  This work was carried out in Task 2.5.  The goal 
and benefits of this task were to ensure the dependability (including the safety, usability, 
maintainability and reliability) of maritime system response by the: 
 
a) delivery of understandable, correct and timely information to the users of systems through 

the use and/or customisation of appropriate standards and methods in the development and 
testing of such systems, 

b) correctness of the response of the hardware and software components of the system 
throughout application or development of appropriate quality controls, standards and 
methods during the lifecycle of the system. 

 
This was to be achieved through the development of a single set of guidance for the 
development and testing of PES in marine applications, and assessment scheme for that 
guidance. 
 

5.5.2 Task 2.5 Methodology 
 
The first step of the work was to perform an extensive review of current and forthcoming 
standards in order to establish principles for developing the guidance and assessment 
framework.  The principles were as follows.  The scheme should: 
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• consider technical trends, including: 
• risk based approach derived from overall hazards 
• goal oriented requirements derived from risk analysis 
• more human element consideration 

• address the different assessment requirements of different suppliers, customers and 
regulators in the supply chain, 

• re-examine the links and overlaps with other assessment areas - e.g. the total system 
perspective, 

• through consultation, take into account current manufacturers’ practice, 
• have an eye on the future, 
• not reproduce parts of standards that are already in public domain e.g. IEC 1508. Rather, it 

should reference them in a marine context, that context being defined by the understanding 
from industry practice and consultation.” 

 
A survey of industrial requirements was also undertaken.  The key issues for different parts of 
the commercial marine sector are summarised in the following table. 
 
 

 SHIP LIFECYCLE SYSTEM 
FACTORS 

MANAGEMENT 
& QUALITY 

EDUCATION & 
CLASSIFICATIO
N 

Owners & 
Operators 

Specification, 
inconsistency, 
maintenance 

risk-based, HCI, 
confidence 

diverse, some 
prescription, 
standards 

specification, 
optional notations 

Shipyards Documentation, 
control, 
specification 

subcontractor 
quality, security 

facilitation not 
integration, 
standards 

PES issues, 
interpretation, 
guidance 

Suppliers Feedback, 
specification, 
documentation 

obsolescence, 
networks, 
function/test 

interpretation, 
standards, QMS 

COTS, unified 
requirements, 
process-based 

Classification 
Societies 

Integration & 
interface 
specification 

safety documentation, 
evidence 

awareness, 
updating, process 
vs TA 

 

Figure 29 - Survey of Industrial Requirements 

 
An iterative approach was taken in the task.  Through several stages of increasing detail 
proposed guidance and assessment scheme were presented to the partners in the task for review.  
Detailed criteria for these reviews were derived from the industry requirements and project 
principles.  When the guidance and assessment scheme were fully drafted they were validated in 
trial assessments of two of the project partners.  The resulting guidance and scheme were 
distributed to over 80 organizations for comment and after a year of dissemination, discussion 
and feedback a final version was produced. 
 

5.5.3 Task 2.5 Results 
 
The resulting approach to the assessment of PES: 
 
• takes account of their operation and maintenance  
• allows developers to innovate 
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• supports the assessment of innovative designs 
• provides a set of dependability requirements that owners can request for all systems.   
 
The core of the approach is a Principles-based PES assessment which includes some new 
concepts: 
 
• consideration of the total system of equipment and its user(s) in a specified context of use 
• assessment of the risks to safety associated with the operation of the system 
• consideration of the processes used to develop and operate the system. 
 
The scheme concentrates on safety and operability.  The traditional approach to PES assessment 
reactively defines a prescriptive and inevitably ever-lengthening list of required features or 
functions.  The LR scheme steps beyond IT innovation and establishes a complete set of 
generic, high-level, scaleable Principles for the marine use of PES.  Criteria and commentaries 
on how the principles should be applied are provided.  For organisations which do not want to 
innovate, or which require more assistance in how to develop PES, reference is given to further 
guidance.   
 
The structure is described in the following table: 
 

PRINCIPLES THESE ARE PRODUCT AND PROCESS GOALS FOR PES OWNERS AND 
DEVELOPERS.  THESE ARE MANDATORY. 

criteria These indicate what is assessed and/or what the owner and developer should do 
during the development and use of the system.  These are recommended. 

commentaries These provide ‘fences’ to guide organisations using or developing PES towards good 
practice.  These are advisory to all users. 

reference Lists of standards which provide further information, prescription and evaluation 
approaches where relevant. 

specific 
guidance 

These interpret the principles for types of system and the participants in development 
and/or use of the PES.  These are advisory to particular users of the guidance or for 
particular types of system. 

supporting 
information 

This is informative and usually in the form of additional chapters or references. 

 

Figure 30 - PES Development – Principles, Products and Processes 

 
The principles are divided into two groups: 

1. Product principles: These are the dependability requirements on the PES.  They cover 
general issues, safety, functionality, performance and dependability, operability and non-
task related properties of the system. 

2. Lifecycle principles: These are requirements on the processes carried out to develop and 
operate the PES.  They require that the processes are planned, controlled, safety-centred, 
user-centred, performed competently and that the quality is managed. 

Certification of PES using a notation based on the principles would naturally be dependent on 
the type of system being assessed (its size, application, criticality etc.) and the quality of the 
development process.  The proposed assessment procedure is based on evidence of the V&V of 
the PES and associated lifecycle activities.  This is achieved by meeting the scheme criteria for 
the product and lifecycle, or by demonstrating that an alternative development process has 
produced a PES of similar dependability.  The major features of the assessment scheme are as 
follows: 
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• a modular assessment approach 
• total system perspective on the PES and its role 
• applicable to large or small PES, including ‘off the shelf’ products 
• applicable to large or small organisations, including small to medium sized enterprises 
• assessment throughout the life of the system. 
 

5.5.4 Task 2.5 Benefits 
 
Traditional Type Approval and Certification takes a product and checks it against an agreed 
Standard or set of Rules. The more complex the product the less valid an evaluation based on 
fixed performance or feature attributes will be.  The process-orientated assessment espoused 
in task 2.5, which checks the organisation’s processes for developing their PES in terms of 
specification of goals and system requirements and assesses whether these goals have been met, 
is much more likely to provide real assurance of fitness-for-purpose.  This represents a further 
change in emphasis of role for regulatory bodies and a split of Verification and Validation 
(V&V) activities between internal V&V through the developer/owner’s quality system and 
external V&V of the development process by Classification Societies.  Because the V&V is 
more tightly coupled to the development there is a greater likelihood that the required quality of 
product will be achieved and maintained.  Because the majority of V&V effort is under direct 
control of the project or owner the costs can be managed to best effect. 
 
The lifecycle principles are novel for marine systems, where PES-based equipment is usually a 
‘fit and forget’ item purchased as a package from a supplier.  In order to fulfil the lifecycle 
principles certain changes in approach may be required: 
 
• a partnership between suppliers and operators 
• adoption of a systems approach on projects 
• specification of operational and computerisation requirements 
• appointment of a project manager in charge of integration 
• specification and planning, and control of documentation 
• owners checking how things are being done. 
 
To review its work LR assembled a user group of leading companies from all parts of the 
shipping industry.  The operators in this group met to discuss progress, and a variety of reviews 
and trials are held with the yards, manufacturers and researchers.  The approach developed by 
LR in the ATOMOS II project therefore presents a position which has some acceptance in the 
industry.  The organisations in LR’s user group have, in general, already implemented most of 
these changes. 
 
The final deliverable from the task, A225.04.08.055.001a is presented in the form of an 
international standard and has been adopted for consideration as a new work item by ISO 
TC8/SC10.  The development of LR’s Rules will, in the future, take account of the philosophy 
behind the principles-based approach investigated on the ATOMOS II project.  
 
The findings from the task have been presented at several conferences and published in trade 
magasines and journals.  This promition will continue. 
 
LR is committed to a programme of validation for the guidance and assessment scheme.  This 
will be pursued through a range of commercial and part-funded research activities. 
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5.6 Task 2.6 – Sensor Fusion 

5.6.1 Task 2.6 Objectives 
 
With ever increasing automation onboard ships, vulnerability to faults in sensors has increased. 
Sensor fusion is a set of techniques where redundant information is processed and faulty or 
unreliable information is discarded before being used by an automation system or the operator. 
Analysis of fault propagation, and decisions about which remedial actions could be used when 
a particular fault occurs, have been a grey area of ad hoc engineering. Therefore, the primary 
research issue of task 2.6 has been to develop a computer based tool - prototype version - that 
could make analysis of fault propagation a manageable task. Techniques to merge information 
from different sources were needed, and suitable fault detection and isolation methods selected. 
In a marine environment, robustness is a crucial property, and this was the focus in task 2.6.  
 
The overall purpose of the task has been to increase ship safety by preventing sensor faults 
from developing into failures or emergencies. More specific objectives were increased 
availability of machinery and navigation subsystems, increased dependability of sensor 
information presented to operators and avoidance of malfunction or unexpected shut down of 
machinery due to simple sensor faults. 
 

5.6.2 Task 2.6 Results  
 
The first result in this task was to find robust algorithms to utilise analytic redundancy in sensor 
information to detect sensor faults and to prevent such faults from developing into failure of 
essential functions. This could ultimately be used for integrating autonomous supervision into 
automatic control and monitoring systems onboard ships.  
 
The second, but most essential delivery was a software tool, with which one can make a 
computer-assisted analysis of fault propagation. It automates the analysis of fault propagation 
in complex systems and supports the designer in selection of methods for sensor information 
fusion. The design methodology and the tool makes it practically feasible to use fusion of 
information from existing sensors to detect faults, and react either autonomously or by warning 
operators about a progressing fault before it has developed into failure. 
 
Detailed results are highlighted below. 
 

5.6.2.1 Subtask 2.6.1 Detailed Description and Results  
 
The first activity in task 2.6 was to assess fault detection methods and their applicability on a 
selected marine application.  A cargo control system was selected in support of other activities 
in ATOMOS II. 
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. 

Figure 31 - Pipe and Instrumentation Diagram for the Cargo Control System Considered 

 

5.6.2.1.1 Subtask 2.6.1 Objectives 
 
• Describe actual fault scenarios and collect full details for relevant components  
• Select and adopt methods for analytical fault detection and isolation for use in the marine 

environment  
• Develop library of detector functions for different sensor types  
• Test methods on realistic sensor signals with appropriate disturbance and process noise  
 

5.6.2.1.2 Subtask 2.6.1 Methodology 
 
1. It was first intended to determine and clarify the fault scenarios of potential subsystems, in 

order to obtain inputs to an automated FMEA and test cases for the prototype design tool. 
CETEMAR attempted this trough data collection and questionnaires to ships. The result was 
incomplete sets of information that was inadequate as basis for detailed fault analysis. 
Therefore, it was decided to revert to first hand experience with two selected systems: cargo 
control and a diesel engine actuator and use these as test cases. 

2. Based on prior work with Fault Detection and Isolation (FDI), suitable FDI procedures were 
developed for a cargo control system. It is based on residual generation and statistical 
detection. 

 

5.6.2.2 Task 2.6.2 Detailed Description and Results 
 
The next step was to provide a computer tool to support analysis of fault propagation. 
d'Appolonia and Aalborg University did this using a theoretic approach to automated Failure 
Mode and Effects Analysis. 
 
Input data to the module are: 
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a) Tables of component failure modes and associated fault effects. 
b) Component interconnection information. 
 
The main function of the module is to analyse the fault propagation and present information to 
the system designer about: 
 
a) Fault effects that propagate from component faults to the subsystem level. 
b) Which of these faults can be affected by the control surveillance system. This includes 

possible closed loop effects. 
 
It is possible for the designer to consider each effect at subsystem level, and select those for 
scrutiny, which he/she considers severe. It is also possible for the designer to simulate re-
configuration, e.g. by use of redundant sensor information, and let the FMEA module make a 
new analysis. 
 
The output of the FMEA module is a list of fault effects that should be made detectable.  
 

5.6.2.2.1 Subtask 2.6.2 Development 
 
• Definition of functional specification.  
• Definition of interface specification.  
• Development of the algorithm on the basis of a fast prototyping approach 
• Definitions of detailed acceptance tests for the module. 
• Validation of the module through application to selected case studies. 
• Integration of the FMEA module in the design tool. 
 

5.6.2.3 Subtask 2.6.3 Detailed Description and Results 
 
The development of a prototype design tool involved development of 
 
• definition of generic component types 
• interactive graphical user interface to define a topology for analysis 
• definition of a component library, using standard graphic symbols 
• integration of the fault propagation analysis module with the tool 
• start of the Matlab/Simulink ® package to run continuous time simulations 
 
The prototype design tool is unique in being able to make a reverse analysis of fault 
propagation. This technique makes it possible to locate the function blocks that could be re-
programmed/altered to stop the propagation of a fault. Furthermore this makes it possible to 
make a list of the specific faults that must be detected and advice on the remedial actions to 
take for each fault.  
 
The features of the prototype design tool are illustrated below through screen dumps of its use. 
The example used is an electro-magnetic actuator for large diesel engines. Faults in this device 
can easily be safety-critical, for obvious reasons. 
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Figure 32 – Screen Shot from the Application 

 
Components are defined and stored in a database in the tool. A component is characterised 
through several properties. These include types of inputs and outputs. The tool makes a type 
check on all connections between components to assure that only physical meaningful 
topologies are accepted.  
 
Definition of a structure of components in a sub-system is done in the Topology Module. 
Figure 33 shows connection of a velocity controller with a power amplifier. Selection by the 
computer mouse highlights inputs and outputs of a component and shows the signal names 
associated with input and output pins of the component. 
 

 
 

Figure 33 - Connecting two components using the topology module. 
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New components are added by selecting the appropriate item from the database of components. 
Clicking at the desired item and dragging it into the canvas area to the left of Figure 34 leaves 
the new component as part of the subsystem, ready for being connected. 

 

 
 

Figure 34 – Screen-shot of the Topology Editor 

 
A topology loaded into the topology editor. The small box on one end of the wire marks an IN-
plug. A subsystem is easily defined using existing components from the database 
 
Failure modes for components are used to make a consistent and complete analysis of fault 
propagation. A matrix FMEA formulation was adopted to obtain algebraic rigor. End-effects of 
all component faults are calculated. The user can assess the severity and treat all critical faults. 
This is illustrated in Figure 8. 
 
A reverse analysis shows where fault propagation can be stopped. This is illustrated in Figures 
9 and 10 This shows which detectors should be implemented to enhance safety. Continuous 
time simulation is made with the commercial SIMULINK® product. This is activated from the 
tool using the "S" button, but the system definitions in the topology and in SIMULINK® are not 
integrated in the prototype. 
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Figure 35 – Screen-shot of the FPA module 

 
The figure illustrates the Graphical User Interface (GUI) of the FPA module appears on top of 
the topology GUI. For technical reasons, logical loops have to be cut before starting the 
analysis. Loops are automatically located by the tool and shown in blue colour. The user can 
cut a loop as desired using the scissors button. 
 

 
 

Figure 36 – Screen-shot of ‘end-effects’ dialogue box 
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In Figure 36 – Screen-shot of ‘end-effects’ dialogue box – a list of possible (undesired) end 
effects is shown in the main user interface as the  result of a fault propagation analysis.  
 

 
 
 

Figure 37 - Screen-shot of ‘Faults’ dialogue-box 

 

 
 

Figure 38- Screen-shot of 'Crossed Components' dialogue-box 

 
Referring to Figure 37, a listing of all the faults that are related to a chosen end effect, is a very 
convenient representation for the designer. As regards Figure 38 a salient feature is reverse 
analysis where it is possible to list all the components affected through the propagation of a 
particular fault 
 
The method of this Design Tool is unique. It is based on rapidly available FMEA information 
for components and underlying mathematical models from a database. Widespread use would 
prevent that faults develop into critical failures and safety hazards. In a final version, the tool 
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could analyse and document safety standards in automation and navigation systems. The tool is 
necessary for design of fault-tolerant systems. 
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6. RESEARCH AREA 3 – ISC APPLICATION 
DEVELOPMENT 

6.1 Task 3.1 – Ship Administration, Logistics and Procedural 
Management 

6.1.1 Task 3.1 Introduction 
 
This task will focus on the administrative work on board the ship concerned with the crew-
members themselves and the daily routine on board the ship. 
 
As such, user requirements will be solicited and will result in a system design specification for 
administrative and logistic systems, including the specification for the necessary interface to the 
ISC system. Under the research programme suggested for task 6.3.3/26, the actual 
implementation of the administrative and logistic system will be undertaken, as the integration 
of the system to the ISC system, in order to demonstrate the ability to collect and utilize 
relevant available data across the network. 
 
A further very important issue of this task is a computerized document management system 
comprising some elements of e.g. safety, advisory and operational instructions, which will be 
implemented into a running prototype (AIPA), based on the results achieved through task 1.3.3 
(information Management). 
 
The task is divided into the following sub tasks: 
 
3.1.1 System Requirement Specification for Administrative and Logistic System 
3.1.2 System Design Specification for Administrative and Logistic Systems 
3.1.3 Prototyping of Administrative and Logistic Systems 
3.1.4 Computerised Procedural Management System 
 

6.1.1.1 Subtask 3.1.1 System Requirement Specification for Administrative and 
Logistic System 

 
The document on task 3.1.1 is a System Requirement Specification (SRS) for selection of 
applications to be prototyped for administration and logistics. The analysis of applications 
available on the market has been done by a survey of the Fairplay Marine Computing Guide. The 
purpose was to make the survey the basis for selection of applications to be further prototyped in 
the remaining subtasks of task 3.1. 
 
Questionaires have been sent to software companies and to shipping companies to collect what 
is offered by the software companies and the future requirements to applications for the 
shipping companies. Based on the answers received on the questionaires it has been decided 
within the taskgroup that two applications are to be prototyped. The selected applications are: 
 
1) Distributed Requisition and Purchase Order System for ships and shipping companies. 
2) General application for cost monitoring. 
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6.1.1.2 Subtask 3.1.2 System Design Specification for Administrative and 
Logistic Systems 

6.1.1.2.1 Distributed Requisition and Purchase Order System for ships and 
shipping companies 

 
This design specification have been limited to specification for “Distributed Requisition and 
Purchase Order System for ships and shipping companies”. 
 

The Purchase System requires that information be exchanged between three sources: 

• Ship 
• Purchase Department at shore 
• Supplier 
 

The data to be transferred is illustrated in Figure 39. The following description of the workflow 
will refer to this figure. As regards the figure, it should be noted that the numbers reflects the 
sequence in which the transfers of information take place. 

 

1. Requisition

2. 
Enqu

iry

5. Delivery

4. Order message

6. Delivery message

7. In
voice

3. O
rde

r

Supplier

Ship

Purchase

 
 

Figure 39 - Transfer of Data between Ship, Purchasing Department and Supplier 

6.1.1.2.1.1 Generation of Requisitions on Ship 
 
The need for spares and goods emerges onboard the ships. When new spares are required a 
requisition is generated with information on delivery date, spares to be delivered, department to 
use the spares etc. Spares already defined in the spares list included in the Planned 
Maintenance System may be inserted on the requisition. However, items not defined in the list 
can directly be entered into the requisition without having to define them beforehand in the 
spares list. 
 
The requisition contains a status field which reflects the actual status of the requisition. This 
field is initialised to "Not Requested" when the requisition is created. When it is complete and 
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the requisition is ready to be transferred to the Purchase System, the status is changed to 
"Requested". The requisition is then locked and no update can be made to it afterwards. The 
requisition is then transferred to the purchase department at shore. 
 

6.1.1.2.1.2 Technical Handling of Requisitions at Shore 
 
When a requisition has been received by the Purchase System at shore, a technical handling 
takes place whereby the details of the requisition is evaluated by a technical handler. This may 
include modification of the quantity to be ordered or adding new spares to those already 
inserted by the ship. The description of the spares may also be improved in order to ensure 
proper ordering of the items at the supplier. When this evaluation has finished, status on the 
requisition is changed to "Awaiting Quotation" and a mercantile handling will then take place. 
 

6.1.1.2.1.3 Generation of Purchase Order 
 
The items on the requisition are now transferred to one or more purchase orders. For each order 
one or more potential suppliers are selected from the supplier list and inquiries may be sent to 
each of them asking for a quotation and delivery time for the spares. The order has the status 
"Awaiting Quotations" at this stage.  
 
Based on the received quotations, one supplier is selected and the status of the purchase order is 
now changed to "Ordered". The order may now be printed and forwarded to the supplier. 
 
In order to update the ship with information on the order, a message is sent to the requisition 
module at the ship detailing the quantity of spares ordered and the expected delivery time and 
delivery place. The crew is now informed on when and where the delivery is to take place and 
the spares to receive.  
 

6.1.1.2.1.4 Delivery Registration 
 
Spares are delivered directly to the ship by the supplier or via an agent. Included with the 
delivery is a delivery note with a reference to the order.  The ship will then register the spares 
as delivered in the requisition module. The stock levels maintained in the stock module will be 
increased accordingly by the system. Thus, the integration between the requisition function and 
the stock module on the ship ensures that the stock level is automatically updated when spares 
are received. 
 
Having received the spares on the order, the status of the requisition will change to "Received". 
The Purchase System at shore will subsequently be informed of the delivery via a message, 
which is automatically sent from the requisition system.  
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6.1.1.2.1.5 Invoice Control 
 
Following the delivery of the order, the supplier will send one or more invoices to the purchase 
department. These invoices are then registered in the Purchase System. It will then be possible 
to compare the total amount of the invoices with the estimated price on the order. If the 
invoiced amount is within an acceptable limit of the estimated price, the order can be approved 
and the handling of the order is then complete. 

6.1.1.2.1.6 Results 
 
Based on the system design specification a running prototype (denoted as LOGIHOLD) has 
been developed. Some screens behind the running prototype are shown in the figures below 
(Figure 40 and Figure 41).  
 

 
 

Figure 40 - Requisition Screen used On-board the Ship 

6.1.1.2.2 General application for cost monitoring 
 
The developed software ALOGOS, codenamed “Administration and LOGistics Operational 
Software”, was constructed for  subtask 3.1.3. 
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The structure upon which ALOGOS™ is based, can be briefly described as follows: A vessel 
reports to the shipping company all costs in a detailed manner, with all relevant documentation. 
Each cost has its own ‘input’ description and its own ‘input’ code number. The company 
describes the vessel’s costs with a set of ‘output’ costs with their own ‘output’ descriptions and 
their own ‘output’ code numbers. This ‘output’ occurs by ‘filtering’ all ‘input’ data into 
relevant sums and by breaking down this information to the desired ‘output’ format. ‘Filtering’ 
as well as ‘Breakdown’ methods depend on the company. The company has, at any time, the 
right to alter either any ‘input’ or ‘output’ item, ‘filtering’ or ‘breakdown’ method in order to 
achieve a better follow-up of the vessel’s costs. 

ALOGOS™ offers a wide range of options based on that structure: supports two different ways 
of data input, supports dynamic editing of cost ‘codes’ (both ‘input’ and ‘output’), is capable 
for editing ‘filtering’ and ‘breakdown’ methods, performs statistical calculations on desired 
data and has graphical support on that. 

In addition to these, ALOGOS™ has an extra feature, which gives the user the opportunity to 
test ‘theoretical’ scenarios by changing any ‘cost category’ on purpose, in order to define how 
these changes affect overall costs. 

 

 
 

Figure 41 - Requisition Screen used in the Purchase System 

6.1.1.3 Subtask 3.1.3 Prototyping of Administrative and Logistic Systems 
 
Two applications have been developed based on task 3.1.2 System Design Specification for 
Administrative and Logistic Systems. 
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6.1.1.4 Subtask 3.1.4 Computerised Procedural Management System 
 
The purpose of the report on this task is to describe the functionalities (see Figure 42) of the 
developed AIPA prototype including tools used for information management, and to provide 
sufficient details for the installation of the prototype on a stand-alone computer.  

 
 

Figure 42 - Functional model of the AIPA 
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Figure 43 - Screen-shot of the ATOMOS II Information Viewer 

The outcome of the report is a description of a draft prototype that demonstrates the basic features 
of the AIPA. See below a screen shot of the developed prototype. 
 
The report presents the technical solutions selected for the prototype and relates their features to 
the AIPA specification contained in [ATOMOS II 1.3.3]. The basic aspects covered by the AIPA 
prototype are the following: 
 
• Development of a prototype Information Viewer (see screen-shot in Figure 43). 
• Implementation of an Information Manager based on an Internet Information Server platform. 
• Development of various basic information documents (Active Server Pages and HTML) for 

handling/presentation of alerts (information filtering and prioritising based on context 
dependencies is not implemented in the present prototype). 

• Development of an AIPA Link Database for the purpose of describing how alerts are linked to 
information documents in the Information Document Database.  

 
Although a lot of effort has been put in the development of this prototype there is still more 
work to be done before an AIPA system with all the intended functionalities is completed. 
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6.2 Task 3.2 – Cargo Management System 
 

6.2.1 Task 3.2 Introduction 
 
The Cargo Management System (CMS) is a software product assisting ship operators to set up 
a load plan and simulate loading/unloading operations for ships carrying liquid cargo (tankers, 
product carriers, chemical carriers) and bulk carriers. It has initially been developed in the 
Laboratory for Ship and Marine Hydrodynamics of the National Technical University of 
Athens (NTUA) in cooperation with N.R.C.P.S. “DEMOKRITOS”. CMS required a period of 
almost ten years to take its final form. Qualified naval architects and computer scientists have 
cooperated to provide a valuable piece of software, significantly reducing the effort ship 
operators spend in preparing load plans. 
 

6.2.2 Task 3.2 Description 
 
The system was initially programmed in C computer language on a UNIX operating machine 
and it could handle only liquid cargo ships. Within ATOMOS II Programme the system was 
transferred to PC. The object oriented development environment of MS Visual C++ under MS 
Windows 95 and MS WINDOWS NT 4.0 has been used on the PC for the transfer. 
Furthermore, ELS has been significantly improved and generalised during the transfer. Now the 
system can handle both liquid cargo vessels and bulk carriers. 
 
Unlike ordinary Loadmasters, CMS is an expert system providing a solution to a very difficult 
engineering in a few seconds. With conventional Loadmasters the user has to assign manually 
liquid cargo amounts to cargo tanks. It is very common that an initial load plan is revised many 
times before reaching an acceptable solution due to longitudinal strength, stability or other 
constraints. As the level of sophistication of the ship increases, the operator is faced with 
additional problems. Chemical carriers, in particular, are highly specialized ships carrying 
liquid chemicals in a multitude of small tanks. Such chemicals may be hazardous to the ship 
equipment and the sea environment. International rules (MARPOL 75/78, OPA 90) and 
authorities (U.S. Coast Guard) sometimes require that some chemical grades are not stored in 
specific tank groups. Further, chemical compatibility between individual cargo grades and 
between cargo and tank coating should be always considered while preparing a load plan. 
 
Thus, the ship operator is overwhelmed by the complexity of the problem. A conventional 
Loadmaster can only calculate the final ship condition in terms of drafts, metacentric height, 
shear force and bending moment distribution. On the other hand, the CMS contains a 
knowledge base, which incorporates all qualitative (chemical compatibility) and quantitative 
constraints (strength, stability). Further, the knowledge base encodes strategies and procedures 
followed by the shipping company to set up the load plan and the sequence of cargo handling 
operations for each one of its ships. Thus, CMS delivers in a few seconds a load plan almost as 
good or even better than the one an expert may provide. 
 
It is expected that damage stability calculations for, more than one, damage cases and for the 
actual load condition will become obligatory in the near future. The CMS is able to calculate 
the final ship condition after damage for any combination of damaged compartments. 
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Simulation of intermediate stages during loading or unloading of cargo is another useful feature 
of ELS. All the important hydrostatic and strength parameters at any time instance are 
available. There exists also the possibility to interface ELS with instruments measuring cargo 
levels in cargo tanks for continuous monitoring of the ship loading or unloading process. 
 
Another feature that makes the CMS superior than any software of its kind is its user interface. 
High quality graphics provide all information the user needs to assess the ship loading 
condition. Information is provided both in graphical form and in several cargo tables. Important 
data, such as drafts, metacentric height and displacement, are always present on the screen. The 
user may access all CMS functions with few mouse clicks. Keyboard usage is reduced to a 
minimum. 
 
The CMS is one ATOMOS subsystem. For the cooperation with the other ATOMOS 
subsystems, the System Manager Expert System (SMES) and the Cargo Database (CDB) are 
available to receive from or deliver data to the other active subsystems through the CDB. 
Alternatively, it may work equally well as a standalone system. In this case, all input data are 
requested from the user. 
 
The CMS application runs on Intel based PCs, under Microsoft Windows 95 and NT 4.0. Its 
code is written in MS Visual C++, without the use of any other special tools. Apart the 
application itself, a database engine with ODBC connection must also be available. For the 
deployment of the application, the MS Jet database system was used (more often referred as 
MS Access 97). 
 
In general, the operator of a vessel is in front of a Charter Contract, i.e. a contract for the 
carriage of a number of products from one port of call to another. Several ports can be included 
in a Charter Contract, and this defines in most cases the route of the vessel, unless it follows 
constantly a specific sequence of ports. 
 
The prime task of the ship operator at port is to distribute the available or as large amount as 
possible of the products, the necessary consumables or ballast to the appropriate individual 
compartments of the vessel. The resulting table with the contents of each individual 
compartment which can host cargo, or consumables, or ballast, is called the Load Plan. A Load 
Plan can be either a table listing all compartments with their contents, even when they are 
empty, or a list of only the compartments that contain something and their status. The second 
approach has been followed in this application. 
 
Furthermore, in order a vessel to be loaded/unloaded in a safe way, the ship operator has to act 
in such a way, that several physical and logical conditions are satisfied. For example, a physical 
condition would be not to be loaded excessively at the middle part, so that the bending forces 
overcome the strength of the structure, which would immediately cause severe damages to the 
hull. Similarly, the shearing forces should be kept within specific limits. A more obvious 
example is the maximum depth of the vessel, which, of course, can not exceed the physical 
depth of the waters in the port, because of the sinkage that occurs when the vessel moves. There 
is a considerable amount of other, more or less obvious, conditions that need to be satisfied 
simultaneously during the operation of a ship. Their satisfaction is a difficult job, and in many 
cases the practice of having an unassisted officer in charge of their control endangers the 
integrity of the vessel, and the crew.  
 
The user of the CMS is supposed to follow the same order of actions. First, he needs to describe 
the sequence of ports of call. Then, the individual cargo items that are to be transferred, the 
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amount, the ports where they are to be loaded and discharged, etc. Together these two steps 
should result to the Charter Contract. 
 
After the completion the Charter Contract, the user must start working with the Load Plan. In 
total there are several Load Plans that need to be completed, two for each port of call, one for 
the arrival and one for the departure condition. Of course there is a strong relationship between 
the arrival and the departure load plans, since they differ by the actions that need to be 
performed by the crew, that is the unloading and the loading operations. Completing the load 
plans is the most complicated part of the job, since each of them has to result to a ship 
condition that is fully compliant with all the rules imposed from the stability and the strength 
limitations, national and international laws, port regulations, insurance companies etc. It is this 
point that reveals the real benefits of using the CMS application, as it has the ability to follow a 
series of rules, specified by the administrator of the system, that simulate the steps an expert 
would make and the different alternatives he would choose. For this purpose an engine was 
implemented, that has the ability to read and implement a sequence of logical steps, with 
alternative pathways. 
 

6.2.3 Task 3.2 Methodology 
 
In the Task 3.2 we first specified the User’s requirement and described the functionality of the 
system. Ordinary loadmasters, which may execute the necessary calculations to compute the 
parameters entering in quantitative constraints but the expert has to enter manually cargo 
distribution data and go through several iterations before reaching an acceptable solution. 
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Figure 44 - Architecture of the Cargo Management System 
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Qualitative constraints are manually checked, hence the risk of neglecting a serious constraint 
is always present. On the contrary, CMS may provide invaluable help to experts by suggesting 
a load plan that will automatically fulfill all the restrictions and produce a near optimum 
solution. Figure 44 provides an outline of the required system architecture of CMS. System 
components and requirements on them are described in the following sections. 
 

The CMS comprises two layers, an upper or expert layer and a lower or algorithmic layer, and a 
number of databases. The modules residing in each layer are represented by rectangles, the 
databases by ellipses. 
 
The lower layer contains the Algorithmic Module (AM). All routines performing low levels 
tasks, such as trim, stability and strength calculations, interaction with the operating system of 
the host computer and the user, representation of results, are located in this layer. The upper 
layer contains the Loading Planner (LP) and the Cargo Handling Unit (CHU). This is the expert 
layer of the CMS. Its main tasks are the optimization of cargo distribution among the cargo 
tanks or holds while accounting for all constraints described in Chapter 3. 
 
The ATOMOS Interface (AI) takes over all communication between the CMS and other 
ATOMOS subsystems. Basically, it obtains needed data from either of the CMS modules and 
provides it to the requesting system or places requests to other ATOMOS systems.  
 
The Human Computer Interface (HCI) is in direct communication with the user. Since CMS is 
also conceptually designed to operate like a stand-alone system, as it will become apparent in 
the sequel, the HCI is also able to handle all user input pertaining to charter requirements, 
especially the cargo to be carried. 
 

Databases are the Rules and regulations DataBase (RDB), the ship and tank Geometry 
DataBase (GDB), the Charter requirements DataBase (CDB), the cargo handling Equipment 
DataBase (EDB), the Products DataBase (PDB), the Stability and longitudinal strength 
DataBase (SDB), the cargo Distribution DataBase (DDB), the Loading/unloading operations 
DataBase (LDB) and the INstrument Interface (INI). 
 

When working on the CMS, the Charter Contract, the Load Plan and the Ship Graphic windows 
are at the disposal of the operator. Figure 45 displays these screens for chemical tanker M/S 
Santa Anna, providing a realistic picture of the appearance that the application takes when a 
real-life case is processed. The Ship Graphic window highly improves his capability to 
distribute cargo having at the same time a very high degree of overview on the ship and its 
contents. On this window, at the upper area where the side views appear, there is a blue line 
that extends for the left to the right side, and represents the waterline of the ship with the 
current load distribution. Of course, the data on the Ship Status bar are much more precise, but 
even so the waterline helps significantly the user to control the trim of the vessel. 
 
In this example, one can recognize the various layers of both the side and horizontal views that 
are prepared to give to the user the possibility to access all compartments of the ship. It is also 
obvious that not all compartments can be viewed at the same time on a single layer. Finally, the 
two layers that are chosen do not have any tank in common. 
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Figure 45 - CMS System used on Test Vessel 

 
On the same view, at the upper part a side view of the ship is displayed, to assist the user to 
identify the location where the loads are in the critical region. 
 
Furthermore, two additional windows are at the disposal of the user, i.e. the GZ distribution 
graph window and the Bending Moment and the Shearing Forces window. The former presents 
the lever arm of the floating vessel, at the specific load distribution. In the latter both the 
Bending Moment and the Shearing Forces distributions are drawn, each in a different color and 
a different scale. At the left-hand side of the graph the scale for the Bending Moment is placed, 
and at the right-hand side the one for the Shearing Forces. Furthermore, the limit distributions 
are drawn, to give an overview of the areas where the loads are most critical. This view is 
updated continuously, as the user allocates or removes cargo. 
 
Bearing in mind the aforementioned specifications, we proceeded to prepare a prototype for the 
liquid cargo vessels (Part I), which was finally extended to include the handling of the bulk-
carriers (Part II). Finally, the possibility to connect the CMS with instruments measuring cargo 
levels in cargo tanks for continuous monitoring of the ship loading or unloading process has 
been investigated. 
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6.3 Task 3.3 – Hull Stress Monitoring System 

6.3.1 Task 3.3 Introduction 
 
The background for research in on-board monitoring of ship hull stress is the substantial 
number of tragic losses of ageing bulk carriers mainly due to structural defects during the last 
decades. Since 1990, approximately 90 bulk carriers have been lost at sea along with a larger 
number of other serious incidents. The reaction from IMO and the classification societies has 
been to opt for Hull Stress Monitoring (HSM) systems for ships above a certain tonnage. By 
fitting sensors to the ship HSM systems provide a display of real-time stress and motion 
measurements to the crew on the bridge. Not only bulk carriers, but also large oil tankers 
carrying heated cargo, LNG tankers and reefers (due to temperature induced stresses) can 
benefit from HSM systems. 
 
The deliverables in Task 3.3: “Hull Stress Monitoring” consists of the following documents: 
 
• “Hull Stress Monitoring, Preliminary Sensor and Actuator Specification”  
• “Hull Stress Monitoring, User Requirements Specification” 
• “Hull Stress Monitoring, Functional Requirements Specification”  
• “Hull Stress Monitoring System, Prototype Development (1st part)”  
• “Hull Stress Monitoring System, Prototype Development (final)”  
 

6.3.2 Task 3.3 Purpose 
 
The main purpose of Task 3.3 "Hull Stress Monitoring" has been to develop a conceptual 
prototype of a Hull Stress Monitoring system.  The system demonstrates monitoring of all 
parameters relevant to the structural integrity of the ship, detection of critical trends in the stress 
levels, alerting of the master along with decision support as how to improve the overall safety of 
the vessel. 
 

6.3.3 Task 3.3 Application Characteristics 
 
There are two characteristics of the implemented prototype system that must be emphasised and 
distinguishes it from other similar systems: 
 
• The close integration to the other on-board systems in the ATOMOS project. 
• The provision of a decision support system able to recommend corrections of heading, speed 

or other parameters in order to reduce the stresses subjected to the hull.  
 
The final prototype of the Hull Stress Monitoring system includes the following features / 
functions: 
 
• Monitoring of sensor values in various user configurable views.  
• Navigational Decision Support to reduce hull structural loading. 
• Integration of bridge systems, illustrated by integration of Hull Stress Monitoring with the 

Collision Avoidance System which in turn incorporates ARPA and ECDIS functionality. 
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• Use of a central Alarm Panel which collects warnings and alerts from other bridge 
applications. 

• Integration to the ATOMOS Application Manager which is visible to the user as common 
toolbars enabling switching between applications. 

 
The Hull Stress Monitoring System final prototype has been implemented using Microsoft 
Visual Basic 5.0. Furthermore visual interfaces has applied Olectra Chart  5.0x for the time 
series, scatter diagrams (slamming view) and bending moment distributions. Some 
functionality’s are supported by C/C++ implementations linked to the VB application via DLL 
or OCX components. The system is executing on a standard Intel x86 (Pentium) PC running the 
Microsoft Windows NT 4.0 operating system. 
 
The system monitors simulated sensor data and automatically updates the visual interfaces with 
the latest sensor values. Some views updates each second, while others update at a lower 
frequency, typically each minute to show time averaged or peak values sampled within the last 
minute 

 

 
Figure 46 - View showing Navigational Decision Support, Slamming, Bending Moment Distribution 
and Time History Views 
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6.3.4 Task 3.3 Conclusions 
 
The following conclusions of Task 3.3 can be drawn: 
 
• A conceptual prototype of a Hull Stress Monitoring System has been designed, implemented 

and demonstrated  within a marine simulator environment.  
• A sensor simulation system coupled to the marine simulator has been developed and 

interfaced to the Hull Stress Monitoring System. 
• Monitoring of sensor values and trends in various user configurable graphical views has 

been demonstrated. 
• Close integration to other onboard systems in an ATOMOS bridge has been demonstrated 

and evaluated. This has been illustrated by integration of the Hull Stress Monitoring with 
the Collision Avoidance System, which in turn incorporates ARPA and ECDIS 
functionality. 

• The application of a Navigational Decision Support System to reduce hull structural loading 
able to recommend corrections of heading, speed or other parameters in order to reduce the 
stresses subjected to the hull distinguishes it from other similar systems. 

• Use of a central Alarm Panel, which collects warnings and alerts from other applications has 
been demonstrated. 

• Integration to the ATOMOS Application Manager, which is visible to the user as common 
toolbars enabling switching between applications, has been demonstrated. 
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7. DISSEMINATION & EXPLOITATION 
 
The current section includes a chronological listing of the dissemination and exploitation 
activities undertaken by the project partners during the execution of the project, and following 
the conclusion – the latter to undertake the very important issue of dissemination of final 
results. 
 

7.1 ETSC 1996 
 
ATOMOS II provided the basis for a presentation given at the ETSC 1996 Conference in 
Bruxelles, May 7th, 1996, on which occasion the Coordinator gave a paper on high tech systems 
relating to maritime passenger safety. 
 

7.2 ATOMOS II WWW-site 
 
Already in the 1st biannual reporting period ATOMOS was established on the World Wide 
Web, with the web-address http://www.control.auc.dk/atomos. Briefly after that, ATOMOS II 
was established as an internet domain, which in turns changed the address to 
 

http://www.atomos.org  
 

7.3 BIMCO 1996 Conference 
 
A paper building on ATOMOS II results and named ‘The Impact of Technology on Operational 
Aspects and Educational Needs’ was presented at the BIMCO 1996 ‘The Practical Implications 
of the STCW Convention’ Conference. 
 

7.4 11th SCSS, Southampton, UK 
 
At the very prestigious Ship Control Systems Symposium, of which the 11th was held in 
Southampton, UK, in May, 1997, a number of papers describing ATOMOS II results was 
presented. Presentations were undertaken by TNO, by LRS and by SCL. 
 

7.5 IIR Conference on ENC and ISC, London, UK 
 
At the internationally recognized IIR conference on Electronic Navigational Charts and 
Integrated Ship Control systems, which was held in London, England, December 3rd-4th, 1997, 
ATOMOS II was represented by Messrs. Earthy and Dittmann of Lloyds Register of Shipping 
and Lyngsø Marine A/S, respectively, presenting the main themes of tasks 2.1, 2.2 and 2.5. 
 
At the same conference, the Coordinator gave a presentation of ATOMOS II within the context 
of DISC, hence providing the frame for the above mentioned presentations. 
 



ATOMOS II Final Report  Page 92 of 103 

 
 
ATOMOS II Task 1.1/24                                                                                 ID A211.00.01.047.006b  

The following evaluation of presentations gave the ATOMOS II/DISC presentation an average 
score of approx. 3.2 on a scale of 0 to 4 (four being the best). 
 

7.6 EXPO’ 98 
 
Due to the extraordinary efforts of the EC, ATOMOS II had the pleasure of presenting a mock-
up of an ATOMOS - fitted SCC at the EU pavilion on EXPO’ 98. 
 
The SCC mock-up was integrated (physically and logically) to a DMI desk-top based full 
mission simulator, including a 120 degrees visual system, and appear to be a very popular 
exhibit, not only for the general public, but also for professionals visiting EXPO’ 98. 
 
In this context, the ATOMOS II Consortium once again wishes to express our gratitude for the 
opportunity given.  
 

7.7 European Economic Interest Grouping (EEIG) IWTS 
 
Following an announcement made at the Quality Shipping Conference held in Lisbon, Portugal, 
June 4th, 1998, the formation of a European Economic Interest Grouping (EEIG) was 
undertaken during the fall of 1998. Founding partners of the EEIG were the ATOMOS II co-
ordinator, the co-ordinator of the EU project BOPCom and the British-based Renaissance 
Shipping Ltd.  
 
Under the name of IWTS – Intelligent Waterborne Transport Services – the EEIG will provide 
a very good platform for the further dissemination and exploitation of, among others, 
ATOMOS II results. 
 
At the time of writing, IWTS counts 17 member companies from various branches of the 
maritime industry. 
 

7.8 Official Registration of ATOMOS®  
 
Also during the fall of 1998, ATOMOS® became a registered name within the EU, and also in 
Norway. Giving evidence of the quality of results obtained during the work on the project, this 
registration has been undertaken to protect the scientific interests of the Consortium and its 
members. 
 

7.9 Danish Society of Naval Architects and Marine Engineers 1998 
 
A full evening was set aside for ATOMOS II and DISC II by the Danish Society of Naval 
Architects and Marine Engineers in the fall of 1998. This ‘theme-night’ was attended by 
approximately 50 industrialists from the Danish marine industry, and included a number of 
quite detailed presentations on the various tasks in ATOMOS II. 
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7.10 ATOMOS II Theme Day, Bruxelles 
 
To disseminate overall project results, an ATOMOS II Theme Day was arranged, to coincide 
with the final official review of the project. This event was open to the public, and a large 
number of invitations were sent out to marine industrialists. 
 

7.11 ‘Traffic Days’ Conference 1999 
 
ATOMOS II overall project results was presented at the 1999 ‘Traffic Days’ conference in 
Linköbing, Sweden, to a forum of industrial professionals and academia. 
 

7.12 Captain Computer II 
 
Also at the international ‘Captain Computer II’ conference included a presentation of overall 
project results. The conference was held in Hamburg, Germany, in January 1999, and counted 
approximately 80 participants, primarily maritime decision-makers. 
 

7.13 ‘Building Bridges 1999’ 
 
A presentation of global project results was given at the EC DG VII ‘Building Bridges’ 
conference, held in Rotterdam, Holland, April 1999. The conference had a large attendance of 
researchers and industrialists. 
 

7.14 People in Control 1999  
 
Primarily following up on research area 1 results, a presentation of project results will be given 
at the 1999 ‘People in Control’ conference, which will be held in Bath, UK, in late June 1999. 
 

7.15 12th SCSS, The Hague, NL 
 
As a follow-up to the presentation given at the 11th SCSS, ATOMOS II has been given the 
opportunity to report final project results at this coming instance of this prestigious 
international conference. Presentations will focus on research areas 1 and 2, i.e. the 
‘Conceptual Standard for SCC Design’, the issue of standardization of data communication and 
the ATOMOS II draft international standard on ‘Development of Dependable Programmable 
Electronic Systems’. 
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8. DISCUSSION 
 
The success criteria for a large RTD project as ATOMOS II can of course always be argued, 
both in terms of substance and in terms of individual weight. However, for starters it seems 
appropriate that such an evaluation should address at least the following global issues: 
 
• Did the project reach the objectives? 
• Did the project provide the expected benefits? 
• Did the project disseminate the results properly? 
• Did the project finish on time? 
• Did the project finish on budget? 
 
The current section will try to answer these questions. 
 

8.1 Project Results versus Project Objectives 
 
The global project objectives were stated already in the ATOMOS II Proposal for Research, 
and retained unchanged in the later ATOMOS II Technical Annex. Quoting from the latter, 
ATOMOS II had the following project-wide goals: 
 
• The first objective is to develop a conceptual standard for a ship control centre working 

environment including the corresponding human machine interface which enhances safety and 
efficiency through improved operator comfort, workload and awareness, screen presentation 
and other relevant factors. The design of the ATOMOS II ship control centre shall take full 
account of human capabilities, limitations and performance limits as its constraints. 
Advanced information processing shall be developed to enhance the capabilities of the user 
to achieve greater safety and efficiency. 

• The second objective is to enhance maritime operational safety and efficiency through an 
improvement of ship-borne command, control, alarm and information systems as much as 
practically possible, taking cost-benefit issues into account. The objective is to be achieved 
through design, implementation and subsequent validation of a conceptual standard for a safe, 
efficient and open ISC system which allows cost-effective interoperability and 
interconnection between system modules from different suppliers. In order to facilitate 
interoperability ATOMOS II shall define a harmonized user interface and provide a 
standardized process network. 

 
Digesting the above a little results in a longer list of less complex objectives: 
 
8. Development of a conceptual standard for Ship Control Centre (SCC) Design; 
9. Development of advanced information processing enhancing safety and efficiency; 
10. Verification that the conceptual standard for SCC Design provides enhanced safety and 

efficiency; 
11. Development of a conceptual standard for safe, efficient and open ISC systems; 
12. Definition of a harmonized user interface; 
13. Definition of a standardized process network; 
14. Verification that the conceptual standard for ISC supports interoperability and 

interconnectivity. 
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Sections 8.1.1 to 8.1.7 addresses each of these topics individually. 
 

8.1.1 Development of a Conceptual Standard for SCC Design 
 
There can be no argument that this objective has been achieved, as proven by one of the main 
ATOMOS II deliverables bearing the title ‘Conceptual Standard for SCC Design (including 
HMI)’. The document is prepared in the ISO/IEC format, and is under submission to IEC TC8. 
It is expected that a new working group under SC5 will be formed to start the formal 
assessment and processing of the ATOMOS II results. 
 
Initial appraisal of the document by the chairman of the current IEC working group on 
standardization of ship’s bridges labels the ATOMOS II result ‘outstandingly visionary’. 
 

8.1.2 Development of Advanced Information Processing 
 
Also as far as this objective is concerned can there be little doubt that the target has been 
reached.  
 
Most of the work on task 1.3 has been devoted to the issue of enhancing human performance by 
integration of information and improvement of decision support methods. Direct results in 
terms of examples are provided both by this task, in the form of the ATOMOS II Tactical 
Display and the very, very promising ATOMOS II Superimposed Display, and from other tasks, 
including the Hull Stress Monitoring system and the AIPA – the ATOMOS Information 
Presentation Agent. Further, results from objective measurements on the application examples 
clearly demonstrates the safety and efficiency benefits of systems designed along the suggested 
lines. 
 
In addition to this, the main Human Engineering principles applied throughout tasks 1.2 and 
1.3, which more naturally fosters designs with advanced information processing capabilities, 
are all included in the ATOMOS II Conceptual Standard for SCC Design as one of the corner-
stones for the process. 
 

8.1.3 Verification of Conceptual Standard for SCC Design vs. Efficiency and 
Safety 

 
Comprehensive subjective and objective measurements, both on the part-task and the full 
mission level, have been carried under the project in tasks 1.3 and 1.6. Further, task 1.8 has 
performed an independent safety assessment of the ATOMOS II concept. 
 
In every single case do they point towards a great enhancement of safety and efficiency, in 
combination with increased user satisfaction. 
 
Just as an example, measurements in task 1.6 documented that people performed just as well in 
an ATOMOS II Ship Control Center after one hour of training as they did in a conventional 
Ship Control Center after 40 hours of training. 
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Another example is that, according to the task 1.8 safety assessment, the risk of a collision for 
an ATOMOS II equipped ship is one full order of magnitude lower that for a similar 
conventional ship. 
 

8.1.4 Conceptual Standard for ISC Systems 
 
Work under the project has produced a number of important components for a future standard 
on ISC systems, including guidelines for the preparation of companion standards and 
conformance classes. Likewise, ATOMOS II partners has participated in the appropriate IEC 
working groups on standardization, promoting the ATOMOS II principles for a future standard. 
 
In spite of this, it might to some extent be debatable whether the original ATOMOS II objective 
on this topic has been reached in full, in the sense that no final, standards-like document has 
been produced under the project. 
 
The main reason for this being so has its roots in the EC DG VII DISC and DISC II projects, 
and in the EC DG XIII project PISCES. In these projects, work completely similar to this 
objective is undertaken, with full ATOMOS II participation, but on a grander scale and with a 
much wider industrial involvement than was anticipated for ATOMOS II. Recognizing that 
large-scale industrial support and consensus is required to achieve a technical standards as the 
one contemplated, it has been natural not to prepare a final document in the ATOMOS II 
context, but rather to devote the available effort to supply input to the wider initiative. 
 

8.1.5 Harmonized Human-Machine Interface 
 
Work under task 2.3 in the project has produced a Style-guide for a harmonized Human-
Machine Interface (HMI), which subsequently has been applied to the appropriate sample 
applications prepared under the project. As such, the harmonized HMI has been tested for 
usability, and the merits of the standardized HMI are certainly contributing to the safety and 
efficiency improvements measured (see also section 8.1.3). 
 
Additionally, the ATOMOS II Harmonized Human-Machine Interface has been included in the 
ATOMOS II Conceptual Standard for SCC Design (including HMI). 
 
It can hence be concluded that this objective has been reached in full. 
 

8.1.6 Standardized Process Network 
 
Under the project, the original ATOMOS process network has been enhanced and improved, 
partly in the shape of tools required for network performance prediction, but also in terms of 
reliability as expressed by the ATOMOS II Network Management System and the ATOMOS 
ABIT system. 
 
What has been labeled the ATOMOS II T-profile and associated hardware is ready for use 
under the DISC II initiative, awaiting the top-level standard communications software being 
developed in the EC DG XIII PISCES project. 
 
It is deemed fair to conclude that this objective has been reached. 



ATOMOS II Final Report  Page 97 of 103 

 
 
ATOMOS II Task 1.1/24                                                                                 ID A211.00.01.047.006b  

 

8.1.7 Conceptual Standard for ISC Systems vs. Interoperability and 
Interconnectivity 

 
Following the above – see sections 8.1.4 and 8.1.6 – it is fully expected, but however not yet 
proven, that all interoperability and interconnectivity requirements to the process network 
standard are completely fulfilled by the joint ATOMOS II/PISCES/DISC II ISC standard 
initiative. 
 
The planned DISC II demonstrator is designed to illustrate this issue, among others, but it is not 
possible to conclude on the subject until the actual demonstration phase of that project has been 
undertaken. 
 

8.2 Actual Project Benefits versus Expected Benefits 

8.2.1 Expected Benefits 
 
As outlined in section 2.4, a relatively high number of benefits were expected to follow from 
the ATOMOS II project. Benefits are grouped in respect of the anticipated target groups, as 
follows below. 
 
Benefits towards the EU was expected to be the following: 
 
1. Support for safer, more environmentally friendly, more cost-effective European maritime 

transport. 
2. An integrated framework and architecture for EU marine equipment manufacturers. 
3. An open and well defined standard for ISC design that would allow European small to 

medium sized enterprises (SMEs) to enter the market thus adding to novelty, functionality, 
safety and efficiency while allowing an overall lower price and an easier maintenance. 

 
Benefits to the shipping industry was expected to include: 
 
1. A reduction of through-life risk associated with programmable marine systems. 
2. Support for improved management of costs through improved quality of development. 
3. Integration of programmable systems into the existing ship development process. 
4. Safer operation through optimal, standardised bridge layout and instrumentation. 
5. Optimised balance between user and technology. 
6. Reduced training requirement for crews when changing ship. 
 
Benefits towards the end-users was expected to include: 
 
1. An enhancement of working environment and a corresponding decrease in the workload 

induced stresses and strains normally associated with long watches. 
2. Positive social effects due to reduced workload and the possibility of the seafarer to retain 

integration with shorebased social circles and employment.  
3. Ability to work on many ships with reduced re-training, and an ability to transfer between 

ships and quickly work safely. 
4. Transferable skills which may allow seafarers trained to work on such ships to move more 

freely between maritime and shore-based jobs.  
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8.2.2 Actual Project Benefits 
 
Regarding the expected benefits towards the EU, there seems to be no doubt that these are 
provided by the project results as envisaged. As such, ATOMOS II has certainly demonstrated 
ways and means towards safer and more cost-effective Waterborne Transport in Europe by the 
introduction of the Conceptual Standard for SCC Design. Pursuing this through the IEC 
standards procedures will only add impact. 
 
Likewise, the results applicable to the ISC Standard (which to some extent has moved to the 
DISC/DISC II/PISCES sphere) like the set of Companion Standards and Conformance Classes, 
and the ISC Reference Model already now provides the called-for framework and standard 
architecture. 
 
As far as the shipping industry is concerned, the suggested international standard for 
Development of Dependable Programmable Electronic Systems certainly provides for a 
reduction of through-life risk, as required. Further, this standard caters for improved cost 
management of cost through improved quality of development, and it takes programmable 
systems into the existing ship development process. The other suggested standard produced 
under the project – the Conceptual Standard for SCC Design (including HMI) – has through 
objective and subjective measurements proven itself as a facilitator for safer operation through 
optimized bridge ergonomics, again as required. Measurements has also shown that the training 
requirements relating to systems developed in accordance with the suggested standard requires 
much less familiarization-time that conventional systems. Hence, the expected benefit on that 
count is delivered. 
 
Finally, as far as the end-users are concerned, ATOMOS II also delivers in full. Measurements 
has shown that an ergonomically optimized SCC does result in decreased workloads and stress, 
and – as recounted above – requires less training time, allowing easier transfer between ships 
with this equipment. 
 

8.3 Actual Dissemination vs. Expected Dissemination 
 
Quoting from the ATOMOS II Technical Annex, the following dissemination activities was 
called for: 
 
1. all final reports from tasks will be public; 
2. publications in international journals and conferences; 
3. participation in or organisation of seminars to illustrate results of the research; 
4. final demonstrations of the prototype(s) will be open to any interested party. 
 
Consulting section 10 will yield that all final reports prepared under the project – and indeed a 
large number of interim reports as well – are classified Public, and hence are freely available. 
Reports are further published on the ATOMOS II web-site, and a public accessible CD-ROM 
containing all main deliverables has been prepared and distributed to interested parties. 
 
As outlined in section 7, ATOMOS II results has been presented at over 10 large, national and 
international conferences throughout the project period, including the ATOMOS II theme day, 
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open to the public, where all project results were on display, and the EXPO 98, where the 
ATOMOS II mock-up had a prominent position, due to the very great support of the EC. 
 
As such, it can be concluded that ATOMOS II has fulfilled the expectations to dissemination. 
 

8.4 Actual Schedule vs. Expected Schedule 
 
Considered globally, ATOMOS II was undertaken in accordance with the expected schedule, 
finishing at the predefined date. In a number of cases, internal rescheduling of tasks was 
undertaken, some due to lack of resources to complete assignments on time, some to cater for 
improved interaction to other project activities. 
 
In no cases did the project exhibit major delays. 
 

8.5 Actual Cost vs. Expected Cost 
 
Valid for most of the partners, ATOMOS II was undertaken on, or within, the original budget, 
but a few partners decided to increase their level of financial support to the project, hence 
delivering a greater effort than called for in the budget. In the cases where this happened, the 
reason was every time the strategic importance of the project tasks undertaken, in combination 
with a highly professional attitude towards the project and the Client. 
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9. CONCLUSION 
 
Summing up a large, complicated project like ATOMOS II is indeed a challenge. In the case of 
the present report, all ATOMOS II partners have contributed, describing their effort and results 
in a fashion hopefully both informative and interesting, and through that - again hopefully - 
achieving to give persons and companies outside the Consortium an understandable overview 
of the project. 
 
It is our most sincere hope, however, that feed-back will be provided by readers, either in the 
form of comments or suggestions to the material included, or better still, in the form of 
requesting further information on one or more specific subjects covered by ATOMOS II. 
 
Should the need arise, ATOMOS II is easy to contact: http://www.atomos.org 
  
Concluding on a large, complicated project like ATOMOS II is however much less of a 
challenge. Going through section 8, one can conclude that 
 
• ATOMOS II reached almost all the objectives set forth prior to the project, and those 

maybe not fully reached yet are being addressed in the context of the DISC II project; 
• ATOMOS II provided all the benefits it set out to do; 
• ATOMOS II finished on time, and had no major performance problems in the project 

lifetime; 
• ATOMOS II was – and still is – disseminated in accordance with the requirements set up 

for the project, and 
• ATOMOS II remained in general within the budget. 
 
All in all, it seems fair to conclude that ATOMOS II was a success, providing the value and 
benefits it was required to do. 
 
1999.06.24 
Erik Styhr Petersen 
ATOMOS II Project Manager 
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10. ANNEX A: LIST OF DELIVERABLES 
 
Note: The acronyms stated in the below table should be interpreted as follows: 
 
• COD: Confidential for the duration of the Project. Hence, such deliverables are available after 

1999.03.01 
• CON: Confidential. Such deliverables are not available to the public. 
• PUB: Public. Such deliverables are freely available. 
 

Type of 
Deliverable 

Document Number and Title Classification Milestone Date Review Date 

Report 1.2.1, Function and Task Analysis COD 08/96 01/97 

Report 1.2.2, Function Allocation COD 02/97 07/97 

Report 1.2.3, Work Space Design and Evaluation (Global) PUB 06/96 07/96 

Report 1.2.3, Work Space Design (Detailed, Part 1) COD 03/97 07/97 

Report 1.2.3, Work Space Design (Detailed, Part 2) COD 12/97 01/98 

Report 1.2.3, Work Space Design (Detailed, Part 3) PUB 08/98 12/98 

Report 1.2.4, Control Centers in Aviation PUB 08/96 01/97 

Report 1.3.1, Human Factors in Supervisory Control (Global 
Guidelines) 

COD 07/96 01/97 

Report 1.3.1, 1st Experiment COD 01/97 07/97 

Report 1.3.1, 2nd Experiment PUB 08/97 01/98 

Report 1.3.2, Instrument Functionality and Interactions, 1st Milestone COD 12/96 07/97 

Report 1.3.2, Instrument Functionality and Interactions, 2nd Milestone COD 06/97 07/97 

Report 1.3.2, Instrument Functionality and Interactions, 3rd Milestone COD 01/98 07/98 

Report 1.3.2, Instrument Functionality and Interactions, 4th Milestone PUB 07/98 12/98 

SRS 1.3.3, Information Management COD 03/97 07/97 

Workshop Input 1.4.1, Preparation of Preliminary Standard (1part) CON 02/97 07/97 

CS Preliminary 1.4.1, Preparation of Preliminary Standard (2nd part) CON 06/97 07/97 

Mock up 1.5.1, Preparation of conventional mock-up CON 01/97 07/97 

SRS 1.5.2, Design and implementation of advanced Bridge Mock-up 
(General) 

CON 01/97 07/97 

Software 
Modules - Mock 

up 

1.5.2, Design and implementation of advanced Bridge Mock-up 
(Specific) 

CON 02/98 07/98 

Report 1.6.1, Planning, Coordination and Assessment of Trials (Initial) CON 04/96 07/96 

Report 1.6.1, Planning, Coordination and Assessment of Trials 
(Detailed) 

CON 01/98 07/98 

Report 1.6.2, Design of Trials PUB 10/97 01/98 

Report 1.6.3, Trials of Concepts and Instruments in Simulator PUB 03/98 07/98 

CS 1.7.1, Preparation of Final Standard PUB 11/98 12/98 

Report 1.8.1, Definition of Criteria PUB 04/96 07/96 



ATOMOS II Final Report  Page 102 of 103 

 
 
ATOMOS II Task 1.1/24                                                                                 ID A211.00.01.047.006b  

Type of 
Deliverable 

Document Number and Title Classification Milestone Date Review Date 

Report 1.8.2, Risk Analysis and Safety Assessment of Standard COD 09/96 01/97 

Report 1.8.2, Risk Analysis and Safety Assessment (2nd Part) COD 02/97 07/97 

Report 1.8.2, Risk Analysis and Safety Assessment (part 2a) COD 06/98 07/98 

Report 1.8.2, Risk Analysis and Safety Assessment (3rd part) PUB 11/98 12/98 

Report 1.8.3, Cost Benefit Analysis of the Standard COD 08/96 01/97 

Report 1.8.3, Cost Benefit Analysis (2nd Part) COD 01/97 07/97 

Report 1.8.3, Cost Benefit Analysis (part 2a) COD 04/98 07/98 

Report 1.8.3, Cost Benefit Analysis (3rd part) PUB 11/98 12/98 

Report 2.1.1, Related Application Areas PUB 08/96 01/97 

SRS 2.1.2, Specification of ISC Arch. COD 08/96 01/97 

SDS 2.1.2, Specification of ISC Architecture (2nd Part), COD 03/97 07/97 

Report 2.1.3, Functional Profiles and Conf. Classes COD 03/97 07/97 

Report/SW 2.1.4, Integration Mech. Rep:COD 
SW:CON 

08/97 01/98 

Report 2.2.1, Identify Companion Standards PUB 12/96 01/97 

SDS 2.2.2, Implementation of Companion Standards (1st part) CON 03/97 07/97 

Report/SW 2.2.2, Implementation of Companion Standards (2nd part) CON 09/97 07/97 

Report/SW 2.2.2, Implementation of Companion Standards (3rd part) CON 03/98 07/98 

Report/SW 2.2.2, Implementation of Companion Standards (4th part) Rep:COD 
SW:CON 

06/98 07/98 

Report 2.2.3, Identification of Conf. Classes COD 01/98 07/98 

Report 2.2.4, Communications Pattern Analysis (1st part) COD 07/96 01/97 

Report 2.2.4, Communications Pattern Analysis (2nd Part) COD 02/97 07/97 

SRS 2.2.5, Network Management System (1st part) CON 03/96 07/96 

SDS 2.2.5, Network Management (2nd part) CON 08/96 01/97 

Report/SW 2.2.5, Network Management System (3rd part CON 02/97 07/97 

Report/SW 2.2.5, Network Management System (4th part) Rep:COD 
SW:CON 

05/97 07/97 

SRS 2.2.6, Interface to Black-Box (Interface Specification) PUB 02/96 07/96 

SDS 2.2.6, Interface to Black- Box Systems (1st part) PUB 11/97 01/98 

Report/SW 2.2.6, Interface to Black-Box (2nd Part) PUB 04/98 07/98 

Report/SW 2.2.6, Interface to Black-Box (3rd part) PUB 07/98 12/98 

Report 2.3.1, Product survey PUB 06/96 07/96 

Report 2.3.2, Evaluation PUB 01/97 07/97 

SRS 2.3.3, Definition of Concept COD 02/97 07/97 

SRS/SDS 2.3.4, Implementation of IF toolset (1st part) COD 07/97 01/98 

Report/SW 2.3.4, Implementation of IF toolset (2nd part) Rep:PUB 
SW:CON 

03/98 07/98 
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Type of 
Deliverable 

Document Number and Title Classification Milestone Date Review Date 

SRS 2.4.1, Requirements Specification COD 07/96 01/97 

Report 2.4.2, Selection of Standards COD 12/96 01/97 

SDS 2.4.3, Database modelling COD 07/97 01/98 

Report 2.5.1, Current and Emerging Standards PUB 10/96 01/97 

Report 2.5.2, Assessment Scheme COD 05/97 07/97 

Report 2.5.3, Monitoring of Standards PUB 12/96 01/97 

Report 2.5.3, Monitoring of Standards PUB 12/97 01/98 

Report 2.5.3, Monitoring of Standards, PUB 08/98 12/98 

Report 2.5.4, Revision of the Guidelines PUB 11/98 12/98 

Report 2.6.1, Robust Fault Detection (1st part) PUB 04/96 07/96 

Report 2.6.1, Robust Fault Detection (2nd part) PUB 11/96 01/97 

Report 2.6.1, Robust Fault Detection (3rd part) PUB 03/97 07/97 

Report 2.6.2, Automated Component FMEA (1st part) PUB 03/96 07/96 

Report 2.6.2, Automated Component FMEA (2nd part) PUB 03/97 07/97 

Report 2.6.2, Automated Component FMEA (3rd part) PUB 10/97 01/98 

Report/SW 2.6.3, Prototype Design Tool (1st part) CON 08/97 01/98 

Report/SW 2.6.3, Prototype Design Tool (2nd part) Rep:PUB 
SW:CON 

07/98 12/98 

SRS 3.1.1, Systems Requirements Spec. COD 12/96 01/97 

SDS 3.1.2, System Design Spec. CON 09/97 01/98 

Report/SW 3.1.3, Prototyping of Adm. Systems CON 06/98 07/98 

Report/SW 3.1.4, Computerized Procedural Management System Rep:PUB 
SW:CON 

01/98 07/98 

SRS 3.2.1, Sensor & Actuator Specification COD 02/96 07/96 

SRS 3.2.1, User Requirements Specification COD 09/96 01/97 

SDS 3.2.2, Functional and Technical Specification CON 05/97 07/97 

Report/SW 3.2.3, Prototyping of Cargo Management System (1st part) CON 03/98 07/98 

Report/SW 3.2.3, Prototyping of Cargo Management System (2nd part) Rep: PUB 
SW:CON 

10/98 12/98 

SRS 3.3.1, Sensor & Actuator Specification COD 02/96 07/96 

SRS 3.3.1, User Requirements Specification COD 10/96 01/98 

SRS/SDS 3.3.2, Functional Requirements Specificaiton CON 05/97 07/97 

Report/SW 3.3.3, Prototype Development CON 03/98 07/98 

Report/SW 3.3.3, Prototype Development (2nd part) Rep:PUB 
SW:CON 

09/98 12/98 
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