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1 Scope of the document 
This document is a report of the results of the analysis that aims to identify all of the 
relevant characteristics, and potential applications, of an indoor positioning system on 
board of a vessel, better specifying the application field of the proposed system. 
As a final result, this document reports the application domain of the pilot system that 
will be implemented in the sub-activity 3.3 of MONALISA 2.0 project as described in ref. 
[1].  
 
The deliverable reports the conclusion of the “Requirement Definition” activity and it 
confirms the successful fulfilment of milestone M29 as described in ref. [1]. 
 

2 References 
[1] MONALISA 2.0 Application form. 
 

3 Acronyms 
SMCS: Safety Monitoring and Control System 
PTS: People Tracking System, used here as synonym of Indoor Positioning System 
DSS: Decision Support System 
 

4 Onboard People Tracking outline 
Real cases that have happened in the past, and unfortunately also during recent days, 
have shown us how complex and chaotic the movement of people on a large vessel can 
be during emergency situations. A lack of appropriate coordination of passengers and 
crew behaviour during an emergency scenario can easily lead to tragic consequences. 
Vice versa, if the safety team could rely on an accurate and pervasive positioning 
system for crew members, a so called People Tracking System (PTS), integrated with a 
state of the art Safety Management Control System (SMCS), it would be possible, for 
example, to:  

• Quickly react to fire accident in critical rooms and immediately release CO2 
and avoid risks for crew members,  

• Monitor crew members in real time and effectively drive them out of dangerous 
zones,  

• Locate injured people and support rescue operations,  

• Effectively coordinate reaction team operations (e.g. fire brigade) and monitor 
in real time reaction team movements,  
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• Dramatically reduce time needed to bring the ship under control.  

 
Furthermore, if the safety team could rely on an accurate and pervasive positioning 
system for passengers, integrated with a state of the art SMCS system, it would be 
possible, for example, to:  

• • Effectively coordinate evacuation of passengers,  

• • Guide passengers through safe escape routes,  

• • Identify passengers in critical situations and properly plan rescue operations,  

• • Dramatically reduce the amount of lost passengers through automatic 
counting procedures,  

• • Dramatically reduce total evacuation time.  

 
Furthermore, there are also other applications that can provide information regarding the 
position of the persons. These do not have the accuracy level needed by a safety 
related system although they may be useful for other applications.  
 
The above examples show that an indoor positioning concept has different kinds of 
applications with different requirements. Different technologies are available, each one 
with pros and cons and each one better suited to some application domains and less 
suited to other ones.  
 
Some real case of unsuccessful positioning system implementation showed that a ship 
is a very difficult environment for this kind of systems. Then, before starting the design 
phase and before selecting the people tracking technology, it is necessary to understand 
which are the most common and relevant applications and it is necessary to identify the 
characteristics and the requirements that a people tracking system must have to be 
successful in each of the mentioned applications. 
 
Utilising their deep and large knowledge of maritime field, and his state of the art know 
how on people tracking system for vessels, Martec performed an analysis of the most 
common needs of Navy, ferries and Cruise vessels, that can be fulfilled by an 
appropriate people tracking system. Results of such activities are extensively described 
and analysed in this document. 
 
Chapter 6 analyses the most important requirements for a generic people tracking 
system whereas chapter number 7 describes the most relevant applications of such a 
system on board of a vessel. 
 
Chapter 8 describes the application domain and the characteristics of the people 
tracking system that will be implemented as pilot system inside the scope of activity 3.3 
of MONALISA 2.0 project, as described in ref. [1].  



 

MONALISA 2.0 - INDOOR POSITIONING SYSTEM:REQUIREMENT DEFINITION 6 

 

5 Requirements categories 
 

5.1 Precision 
Precision of an indoor positioning system refers to the capability of detecting the precise 
spatial position of a specific monitored person. In this context we keep a distinction 
towards reliability concept and consider precision in the ideal case of a system with 
100% reliability level. Some examples can make the concept clearer. Suppose to have a 
system that monitors the entrance and the exit from rooms. The precision of such a 
system is at room level. Vice versa a system that localises people through some sort of 
triangulation mechanism, can in an ideal case reach a precision related to the 
triangulation mechanism itself, and can be as high as at a single step level.  
 
It is worth to notice here that often precision and reliability are in reciprocal conflict. 
When this happens, in most cases the best approach is to select the minimum precision 
compatible with the specific application in order to maximise reliability. 

 

5.2 Speed 
Speed of the position detection event is a critical aspect of a people tracking system 
because very often it is related to two aspects that are in competition: single detection 
reliability and power consumption. From the reliability of single detection event point of 
view, the detection time should be shorter than the time needed to a person to run 
through the detection range of each device. On the other hand, in general, the shorter 
the detection time is, the higher monitoring operations frequency is and consequently 
the higher power consumption is. Optimal system design requires that for each specific 
business case, detection region size, maximum detectable people speed and power 
supply availability have to be optimised at same time. 

 

5.3 Localisation Reliability  
Reliability of an indoor positioning system has various meanings, each one of them 
related to the specific application the system is used for. To understand this concept it is 
useful to start looking at the tracking of people’s movements as the sum of many 
individual single position detection events. Then we can define two reliability concepts: 

• Reliability of the single detection event. This is the probability that a single 
event of people localisation in a single spatial spot is correct. In other words, 
the probability that a person is detected when passing through a monitored 
location and that the person is not detected when he is not passing through 
that location. This reliability concept is very dependent on the localisation 
technology utilised and is almost independent to the application. 
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• Reliability at system level. This is the probability that the system provides 
the right answer about people movements when it receives a query by specific 
application. The mentioned answer is in general a result of elaboration of a 
group of single detection. This elaboration is performed using business rules 
that can change application by application. For example, consider the case 
where it is necessary to know, at the application level, if anyone is in a room 
before CO2 discharge. A specific business rule, tailored on this specific 
answer, could be implemented to increase the reliability of the specific 
question: “is anyone inside that room?”  An example of a business rule could 
be: “nobody is in that room if nobody is detected in that room AND everybody 
are detected somewhere else”. It is evident how system level reliability is 
related, in general, to both the application specific questions, to the system 
hardware architecture and to the reliability of the single detection event.  

 
Following figure illustrates the above concepts showing the scheme of a generic people 
location system. 
 
 

 
 

 
Single detection event reliability is quite important but ultimately it is the system level 
reliability that counts. This statement is very important and has to be taken into primary 
consideration during the system design and hardware selection phases. 
 
In some architecture/application combinations, single detection event reliability and 
system level reliability are coincident.  For example consider the already mentioned 
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application of CO2 rooms covered monitoring, where it is needed to know if anyone is 
inside a room before injecting CO2. Furthermore consider a locating mechanism made 
by sensors that are able to detect a person and the direction of his movement, and 
imagine that these sensors are located just at each entrance of the monitored rooms. 
Mentioned sensors are able to detect people entering into or exiting from the rooms. In 
this case if a sensor misses a passage or detects by mistake a false passage, the whole 
system will be affected by the mistake. That means that the single detection reliability is 
the coincident to the system level reliability. On the other hand, if the locating 
mechanism is based for example on many simpler sensors, that are not able to detect 
movement direction, but spread on larger area, if one sensor misses the presence of a 
specific person, surrounding sensors could get it. In this case, to have a localisation 
error, at least two single detection errors have to happen. This means that in this case 
the system level reliability is better than the single detection event reliability, even 
though they still have a relation.  

 

5.4 Reliability against Casualty 
Another important factor to consider when designing a people tracking system is the 
reliability versus Casualty. The importance of this point is related to the application. If the 
tracking system is part of an emergency management system, then it becomes a critical 
system and reliability against damages must be high.  
Two important concepts related to the mentioned reliability are Safe Return To Port 
regulation and Damage delectability: 

 

• Safe return to port (i.e. robustness versus single point of failure).  

Safe return to port regulations, approved by the Maritime Safety Committee 
(MSC) of the International Maritime Organization (IMO), are aimed to establish 
design criteria for a ship's safe return to port under its own propulsion after a 
casualty that does not exceed a defined casualty thresholds, and to provide 
functional requirements and performance standards to ensure health and 
safety for passengers and crew in safe areas during the return to port. In case 
of fires exceeding the casualty threshold and affecting one whole main vertical 
zone, these Guidelines provide design criteria for systems required to remain 
operational for supporting orderly evacuation and abandonment of a ship. To 
be safe return to port compliant, a system installed on board must be at least 
robust against single point of failure. That means that it should work when 
main power line is down and it should work also after one component of the 
system, whatever it is, stops working for whatever reason.  

 

• Failure Delectability. If an element of the system fails, for whatever reason, it 
is important that this information is promptly routed to an operator who can 
start working on solving the issue. If not properly taken into right account, the 
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ability, or better a lack in the ability to detect malfunctioning items in the 
system can lead to a severe reduction of the overall system reliability.  

 

5.5 Cost 
Cost considerations are always important to make a technology realistically utilisable on 
real vessels. In the specific case of people tracking system on a ship, the cost topic is 
crucial because the very demanding requirement could easily lead to a system that is 
well performing but that is completely out of range price wise. We briefly describe here 
below the main cost structure composition of an indoor positioning system (i.e. people 
tracking system), highlighting relations with application requirements and with system 
architecture. 

 

• Hardware cost 

Necessity of having high reliability and somehow good precision, avoiding 
ambiguity, can impose demanding requirements on hardware components, 
increasing the price of single element of the system. To optimise cost of 
hardware and software, the efforts to reach target reliability level should be 
well balanced between single point of detection optimisation (mainly 
localisation devices) optimisation and system middleware optimisation (mainly 
software, business rules). 

 

• Software Cost 

Locating people inside a vessel is useless until the positioning information is 
properly elaborated and ergonomically shown by an appropriate human 
interface, at the right time and within the appropriate context. Data availability 
and data aggregation requirements are very application dependent but in 
general it is required to have middleware that pre-filter data and implement 
basic business rule, a server application that take results and distribute them 
and a client application that allow users to access the information in the proper 
format. Then software development efforts are not negligible and are of the 
highest importance. For the mentioned reasons it is very difficult to define a 
common cost for such part of people tracking system while it has to be 
optimised for each specific application. 

 

• Installation Cost 

The necessity, common to the majority of applications, of covering somehow 
many rooms and corridors can give rise of a very distributed system with huge 
impact on installation, cabling and tuning costs. The installation cost must 
include also costs for preliminary environment analysis activity. This activity 
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consists in checking before designing the final system, if there are potential 
compatibility problems (e.g. EM compatibility)  between objects located in the 
same area where people tracking devices have to be installed (e.g. emitting 
equipment or equipment sensitive to radiation). Some localisation technologies 
require a long and complex preliminary inspection activity, whereas others are 
relatively quick. Overall installation costs can easily become higher than 
hardware cost if wrong localisation approach is selected and if the balancing 
between hardware and software has not properly designed or understood. 

 

• Maintenance and Operation Cost 

Maintenance and Operation cost can grow and become a non-negligible part 
of the overall expenditure if not properly taken into account during system 
design phase. A location system made by sensor network having battery 
supply is a typical example of a system having very high maintenance costs.  

 

5.6 Ergonomics 
Because of its nature, any indoor positioning systems is highly impacted by the concept 
of ergonomics, especially if it is installed on passengers vessels: 

• Localisation mechanism when applied to passengers should not be invasive 
on their normal operation. For example if a passenger is required to wear a 
localisation device, this device should be designed to be comfortable to wear 
and not easy to be lost. 

• Localisation mechanism when applied to crew must not have a negative 
impact on the actions crew members have to do. 

• Data user interface. As already mentioned, the part of the system that shows 
data to the final user, should be designed to be easily accessible by final 
users, as the safety officers or as Safe and Rescue brigade members. 

Obviously Ergonomics requirement are very dependent on the application, while 
Localisation hardware Ergonomics has impact on tracked people behaviour and System 
software ergonomics impacts heavily effectiveness of crew members that have to use 
the produced data, e.g. safety team. 

 

5.7 Privacy 
In some applications, especially when passengers are involved, privacy aspects can 
play an important role. Again depending on the application, privacy can be a critical 
aspect or not. As example, if the system is used to monitor children and it is a provided 
as not compulsory service, eventually not for free, than privacy is not an issue because 
tracked people will have to agree on terms and condition of the service they are buying. 
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In an application where people movement are used for marketing purposes and every 
passenger is required to be tracked, then privacy concerns may affect some passenger. 
There is a large literature where this issue is analysed and solutions are suggested. 
Going further into detail of this topic here is out of the scope of this document1. 

 

5.8 Data size 
When dealing with people tracking system, data size is always a topic to be carefully 
considered. Depending on application and ship size, data generated by the system can 
be large or very large. So it is very important to understand the average size expected 
an properly design the system, especially regarding following objects: 

• Localisation devices network: whatever technology is used to localise 
people, data generated by each individual localisation device have to be 
routed and collected in a central point where they are elaborated. 

• Rough data storage: data generated by complete people tracking system, 
especially on large passengers vessels, can be very large. So it is mandatory 
to understand application wise, which data have to be stored, how long and 
with which accessibility requirement. For example it could be thinkable that 
after a certain numbers of trip, even after each trip, rough data can be stored 
in a common data centre outside the ship. Furthermore the utilised database 
on board have to be designed in order to be reliable and self maintaining, at 
least for time needed for one trip.  Finally the rough data database must be 
easily accessible from middleware that will elaborate rough data and this 
access should be very fast in order to guarantee the real time tracking 
experience to the final user. 

• Elaborated data storage: Middleware software elaborate rough data 
producing meaningful data, application wise. These data have to be stored in 
a database whose purpose it to be effectively accessible by the end user data. 

• Application network: meaningful data generated by Middleware must be 
accessible by server or client applications whose purpose is to finally generate 
user interface. Even thought at this level data volume is lower than at 
localisation device network level, the network can easily be saturated by them 
if it is not properly sized. 

Elaborated data access interface: at this level data size is not critical from speed or 
from network traffic points of view. Rather in this case it is important to understand how 
to aggregate data and how to show them to final user in a proper way in order to avoid 
overwhelming him by data that are useless respect the question he is asking to the 
system. To do that is very important to understand each specific use case in order to 
show only few data useful for the specific need the user has in that specific time. 

                                                
1 See for example Avoine, G. (2006), “Bibliography on security and privacy in RFID systems”, 
available online at http://www.avoine.net/rfid/download/bib/bibliography-rfid.pdf. 
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5.9 Impact on existing procedures 
A people tracking system offer features that open possibilities never available before. 
This could generate heavy change on operational procedures, especially at crew level. If 
this happens some problems of change management can arise. For this reason it is 
important, even before system design phase, during definition of application 
specification, carefully evaluating already existing standard operating procedures in 
order to integrate new localisation feature inside already existing procedures as much as 
possible instead of change completely pre-existing procedures. Roll-call at muster 
station is a good example of operation having well defined standard procedure. By 
people tracking system this operation in principle could be performed in a complete 
automatic way. That approach would obviously require a certain amount of procedure 
and mind set change. A more conservative approach, just as an example, could be 
maintaining human performed roll-call, using the existing procedures, and using people 
tracking just to support, simplify and confirm human operation. 
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6 People tracking System: Applications 
A people tracking system does basically just one thing: tracking movements of people 
inside certain generally complex environment, like for example cruise vessels, ferries, 
military and offshore vessels. Despite of that, data generated can be analysed and then 
utilised in a very large amount of way. Depending on the very purpose of each 
installation, i.e. depending on the application the system is used for, the relative 
importance of each previously described requirement, might vary a lot. In this section we 
briefly describe some of the most required application of PTS and we will try to evaluate 
the relative importance of each requirement on them. In the following table, an overview 
of the requirement needed for each application domain is reported. In following 
paragraph each application scenario is discussed in deeper detail. 
 
Please note that the table below reported define each requirement in a qualitative way, 
to allow a first comparison among applications. A quantitative analysis will be reported in 
chapter 7 only for the application scenario that will be used to realize MONALISA 2.0 
pilot system design. 
 

  Precision2 Speed Localisation  
reliability 

Reliability against Casualty 

SRtP3 Failure 
detectability 

Monitoring 
dangerous 
areas 

room level run High required Very 
important 

Evacuation step level run High required Very 
important 

Rescue step level walk High required Very 
important 

Roll call at 
muster 
station: crew 

room level walk High required Very 
important 

Roll call at 
muster 
station: crew 
and 
passengers 

room level walk High required Very 
important 

Unsafe 
behaviour 
monitoring: 
crew 

room level run High required Very 
important 

                                                
2 Precision here means how accurately the system needs to locate the person inside the ship. 
Step level means that the system should be able to follow People movement inside a room, 
whereas room level means that is enough the system knows in which room a specific person is. 
3 SRtP means Safe Return to Port regulation. Here is intended that the system continue working 
without interruption after a single point of damage. 
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Unsafe 
behaviour 
monitoring: 
crew and 
passengers 

room level run High required Very 
important 

Children, 
elder people 
and disabled 
people 
support 

step level run High required Very 
important 

Green Policy room level walk low Not 
required important 

Customer 
Care step level walk medium Not 

required important 

Service 
delivery room level walk medium Not 

required 
Medium 
importance 

 
 
 

  Cost 

Ergonomics 

Privacy 
Data 
Volume 

Impact on   
procedures Detection 

Data  
utilisation 

Monitoring 
dangerous areas Medium Medium High Low Low Low 

Evacuation High High High High High High 

Rescue High High High High High Medium 

Roll call at 
muster station: 
crew low Medium High Low Low High 

Roll call at 
muster station: 
crew and 
passengers low High High High High High 

Unsafe behaviour 
monitoring: crew High Medium High Low Medium Low 

Unsafe behaviour 
monitoring: crew 
and passengers High High High High Medium Low 

Children, elder 
people and 
disabled people 
support High High High Low High Low 

Green Policy Medium High Low Medium Medium High 

Customer Care Medium High Medium High Medium High 

Service delivery Medium High Medium Medium High High 



 

MONALISA 2.0 - INDOOR POSITIONING SYSTEM:REQUIREMENT DEFINITION 15 

 

 
 
 

6.1 Dangerous Areas Monitoring 
Ship owners or Navy organisations are very often interested in People tracking systems 
to monitor only dangerous or critical areas. Best example of this kind of applications is 
monitoring those rooms that are covered by CO2 extinguishing system. Usually such 
rooms contain equipment that is critical for the ship, e.g. Engine Rooms. Then, in case 
of fire, the extinguishing agent must be discharged as soon as possible to limit damage 
to the equipment or to avoid further explosions. Unfortunately CO2 extinguishing agent is 
lethal for human being, then before activating CO2 extinguishing system it is mandatory 
to verify that nobody is inside the room. A reliable people tracking system can speed up 
dramatically this verification process. More in general PTS for Dangerous Areas 
Monitoring can be used to detect dangerous situation, e.g. people entering in a 
dangerous room they are not allowed to enter, or to support reaction to emergency 
casualty, like in the above described example. 
 
Typical People Tracking System requirement are below analysed in the specific 
business case of Dangerous Area Monitoring  
 

• Monitoring: Usually only crew people can enter in this kind of rooms, so for 
this kind of application usually only crew members have to be monitored. 

• Precision: In this application precision requirements are not very high, it is 
enough to know if a specific person is inside a monitored room or not. This is 
usually done monitoring all of the access points of each monitored room. 

• Speed: Reliability requirement are very important here, that means that even if 
a person runs, the system must not loose his movement. Especially for those 
architectures where only access point are monitored, it is important to setup 
the detection speed of single device in order to capture everybody is running 
through at maximum speed. 

• Localisation reliability: this feature is very critical in this application because 
a lack of reliability can potentially cause severe damage to crew members. To 
reach desired high level of reliability it is necessary working at detection device 
level and at data elaboration level implementing appropriate business rules to 
answer to the question: “is anyone in that room?”. 

• Reliability against Casualty, SRtP: Monitoring dangerous or critical room is 
needed especially when a Casualty occurs, e.g. fire in engine room. Because 
of this reason, PTS cannot stop working until the dangerous situation is solved 
or until the ship is in Port in safe condition. Then it is natural asking the PTS to 
be compliant to SRtP regulation and to be, as example, single point of failure 
tolerant. 
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• Reliability against Casualty, Failure delectability: it is possible that for 
some reasons a detection device stop working properly. This information must 
be promptly available to avoid, for example, that CO2 is injected in the room 
monitored by the not working device while a non detected person is inside of 
it. 

• Cost: In this case costs can be kept relatively low if the right architecture is 
selected. The precision being low, number of people being low (crew only), 
hardware, installation and maintenance costs can be easily managed to be 
low. Compared to other kind of application the cost of PTS for monitoring 
dangerous room can be considerate to be medium expensive. 

• Ergonomics, detection: detection event must be ergonomic enough to avoid 
interfere with crew operation. For example in a system where tracking is 
performed bt RFID transponder, the transponder carried by crew member 
must be small and light enough to avoid any impact on crew members’ 
movements. However it is not required that the mentioned transponder is good 
looking or I easily hidden. Then detection ergonomics for this application as a 
medium relevance. 

• Ergonomics, data utilisation: usually in safety systems last operation order 
is given by a human being, especially when such orders can generate damage 
to people. Data generated by PTS must be shown to the mentioned decision 
maker that must be able to read and understand them quickly.  

• Privacy: when only crew member are monitored, as in this case, privacy issue 
is usually low. 

• Data size: data size depends on number of monitored rooms and number of 
crew member. Considering that people are tracked only when they transit from 
one room to another, data generated are lower than in many other 
applications. Room monitoring can be considered an application that 
generates mid size data volume. 

• Impact on Procedures: to avoid impacting on already existing emergency 
management procedures, it is possible to consider people tracking system as 
a support for decision maker, delegating to him final decision on how to react 
to a dangerous situation or to an emergency situation. In this way reaction 
procedures can remain basically unchanged and the impact of PTS on them is 
low. 
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6.2 Evacuation  
An application scenario that can benefit from real time information about people location is the 
evacuation operation. Many activities in this scenario can be supported by a people tracking 
system: 

• Position of all of the people located in the area under evacuation can be 
provided to the safety officer that can coordinate people movement’s trough 
safe paths. 

• Position of all of the people located in the area under evacuation can be 
provided to the crew member in charge of coordinating in situ operations.  

Integration of People Tracking System inside standard evacuation operating procedure 
can generate many benefits: as example people flow overcrowding can be avoided or 
detected; evacuation time can be reduced avoiding panic propagation; probability of 
missing people can be dramatically reduced. 
 
Typical People Tracking System requirement are below analysed in the specific 
business case of People Evacuation.  

• Monitoring: to be effective and reliable and to cover all kind of casualties that 
require evacuation, monitoring system has to be applied to all of the people on 
board, crew and passengers. 

• Precision: In this application precision requirements are high, to be able to 
check position and drive people on the right path, it is highly beneficial to have 
location position resolution in the range of few meters, like from 2m to 5m, just 
to give a numerical example.  

• Speed: all movement condition has to be considered in the evacuation 
scenario, at system level it is necessary to capture also people that are 
running, for example because they are escaping from a dangerous point. It is 
important to notice here that the requirement has to be fulfilled at system level, 
that means that if, for example, many sensing devices are spread in a certain 
region, as example a corridor, can be acceptable that one of them misses a 
running person if one of the devices next to it are detecting the moving body. 

• Localisation reliability: this feature is very critical in this application because 
a lack of reliability can potentially cause severe damage to people. For 
example if a person is not detected he could be missed and not involved in 
escape operation.  

• Reliability against Casualty, SRtP: Evacuation is needed almost only when 
a Casualty happens. Because of this reason, PTS cannot stop working until 
the dangerous situation is solved or until the ship is in Port in safe condition. 
Then it is natural asking the PTS to be compliant to SRtP regulation and to be, 
as example, single point of failure tolerant. 
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• Reliability against Casualty, Failure delectability: it is possible that for 
some reasons a detection device stop working properly. For the very same 
reasons described in the above requirement, this information must be promptly 
available to avoid any decision error caused by wrong information provided by 
the people tracking system 

• Cost: to proper perform evacuation in all possible condition, the whole vessel 
has to be monitored. Because of that large number of localisation devices has 
to be used. In this configuration Hardware, installation and maintenance cost 
are usually high. Then the proper architecture has to be selected in order to 
optimise and keep costs under control.  

• Ergonomics, detection: detection event must be very ergonomic because 
both crew and passengers are monitored. For example in a system where 
tracking is performed by RFID transponder, the transponder carried by 
passengers must be small and light enough to avoid disturbing passengers 
and it should be good looking and nice to wear. Then ergonomics of detection 
for this application has high relevance. 

• Ergonomics, data utilisation: large amount of data can be generated during 
evacuation and decisions have to be taken in a very short time. For this 
reason PTS system has to report localisation data quickly and in a format that 
is immediately understood by the decision maker. Then data utilisation 
ergonomics for this application as a high relevance. 

• Privacy: in this business case both passenger and crew must be monitored, 
that could potentially generate privacy issues. 

• Data size: data size in this application, during evacuation, can be very large 
because whole vessel is covered and all of the people are tracked. 

• Impact on Procedures: to maximise benefit that can be provided by PTS 
during evacuation operation, the evacuation procedures must be changed 
incorporating localisation information inside the actions list.  
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6.3 Rescue 
Recent unfortunate events showed how even most advanced safety management 
system and good procedures are not enough to guarantee safety condition to 100% of 
people on board. Especially in case of large vessel that can host thousand people or 
more, some people can get lost or blocked for whatever reason and miss the evacuation 
operations. A reliable people tracking system can avoid such situation providing the 
position of all of the people on board to the safety canter. Then it is possible locate 
people not responding to the evacuation order and organise save and rescue operation.  

• Monitoring: to cover all kind of casualties that require rescue operation, PTS 
has to be applied to all of the people on board, crew and passengers. 

• Precision: In this application precision need to be high to exactly locate 
injured people and to be able to effectively rescue them.  Resolution should be 
in the range of few meters, 2m to 5m to give a numerical example.  

• Speed: usually injured people or people that need to be saved are moving 
slowly or they are not moving at all, they are not running. 

• Localisation reliability: this feature is very critical in this application because 
a lack of reliability can mislead the rescue team..  

• Reliability against Casualty, SRtP: Rescue operation is needed especially 
when a Casualty happens. Because of this reason, PTS cannot stop working 
until the dangerous situation is solved or until the ship is in Port in safe 
condition. Then it is natural asking the PTS to be compliant to SRtP regulation 
and to be, as example, single point of failure tolerant. 

• Reliability against Casualty, Failure delectability: it is possible that for 
some reasons a detection device stop working properly. For the very same 
reasons described in the above requirement, this information must be promptly 
available to avoid any decision error caused by wrong information provided by 
the people tracking system 

• Cost: to proper locate people to be rescued, the whole vessel has to be 
monitored. Because of that large number of localisation devices has to be 
used. In this configuration Hardware, installation and maintenance cost are 
usually high. Then the proper architecture has to be selected in order to 
optimise and keep costs under control.  

• Ergonomics, detection: detection event must be very ergonomic because 
both crew and passengers are monitored. For example in a system where 
tracking is performed by RFID transponder, the transponder carried by 
passengers must be small and light enough to avoid disturbing passengers 
and it should be good looking and nice to wear. Then ergonomics of detection 
for this application has high relevance. 

• Ergonomics, data utilisation: large amount of data can be generated if all 
passengers are tracked. Furthermore if a specific passenger needs support, 
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the system must filter relevant data and show them efficiently to allow a fast 
reaction of the rescue team. Then data utilisation ergonomics for this 
application as a high relevance. 

• Privacy: in this business case both passenger and crew must be monitored, 
that could potentially generate privacy issues. 

• Data size: data size in this application can be very large because whole 
vessel is covered and all people are tracked. 

• Impact on Procedures: PTS can greatly improve rescue operation only in the 
phase of target localisation, therefore the impact on rescue procedure should 
be not very high.  

 

6.4 Roll-call at muster station 
Roll-call at muster station or at ship evacuation points can be another scenario where 
People tracking system can be effectively applied. Providing right coverage at muster 
stations or at ship evacuation points, people tracking system can do an automatic, 
precise and reliable roll-call. During emergency situation time is always of maximum 
importance, then it is clear how beneficial PTS can be in the roll-call context. However, 
analysing this specific scenario before finalising the overall architecture it is very 
important to correctly capture the real and specific need of each vessel. In fact in some 
context, as for example in Navy business cases, automatic roll-call are not acceptable. 
Another example where a complete automatism could not be accepted is when the roll-
call is performed before discharging CO2 in some rooms, to verify that everybody is at 
muster station and consequently is not in the target rooms. I mentioned cases and in 
many others, a hybrid solution could be best choice. In this hybrid solution PTS would 
be considered as part of a decision support system that can provide data and 
suggestion to the operator in charge of the roll-call, leaving to this officer the final actual 
decision to close the roll-call or not. 
 
Typical People Tracking System requirement are below analysed in the specific 
business case of Roll-call operation in emergency situation.  

• Monitoring: depending on the purpose of roll call, this can be applied to crew, 
to passengers or to both. 

• Precision: In this application precision requirements are not very high, it is 
enough to know if a specific person is inside the muster station or if he is at 
the evacuation points. This is usually done monitoring all of the access points 
of each monitored room. 

• Speed: People should stop or should move slowly once they are at the roll-call 
point. Because of that speed of detection devices is not critical here. 
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• Localisation reliability: this feature is very critical in this application because 
a missing a person that actually is at muster station can increase the time 
needed to close the roll-call. On the other hand, detecting a person that is not 
at muster station can lead to miss this person and to leave him on board. 

• Reliability against Casualty, SRtP: roll-call is usually performed during 
emergency situation. Then it is natural asking the PTS to be compliant to SRtP 
regulation and to be, as example, single point of failure tolerant. 

• Reliability against Casualty, Failure delectability: as in all application that 
are safety related, if a failure occurs, it must be promptly communicated to 
safety team in order to solve the failure or to avoid basing critical decision on a 
not working system. 

• Cost: In this case costs can be kept relatively low if the right architecture is 
selected. Compared to other kind of application the cost of PTS to support roll-
call operation can be considerate to be low cost. 

• Ergonomics, detection: when roll-call involves only crew members, detection 
devices just have not to impact on crew activity, and the importance of 
ergonomic aspect is medium level. When also passengers are involved, 
additional aspects have to be considered, making ergonomics a topic to be 
carefully considered. 

• Ergonomics, data utilisation: whatever means roll-call operation has, when 
PTS is used to support officer in charge of performing and closing the roll-call 
(i.e. PTS it is not used to make an automatic roll-call) the roll call data have to 
be collected and shown in the right way to allow the right decision, or the best 
decision, to be taken. Because of that in this application ergonomics of data 
utilisation is highly important. 

• Privacy: when only crew member are monitored privacy issue is usually low. 
When also passengers are involved, privacy concerns can increase. 

• Data size: muster station or evacuation points are usually only few. Because 
of this, roll-call support can be considered an application that generates low 
size data volume. 

• Impact on Procedures: to avoid impacting on already existing emergency 
management procedures, it is possible to consider people tracking system as 
a support for decision maker, delegating to him final decision.  
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6.5 Unsafe behaviour monitoring 
People tracking system can be utilised also to monitor unsafe behaviours. Obviously 
most simple unsafe behaviour is entering in a forbidden room. From many point of views 
this application is very similar to monitoring dangerous areas. Only few points, however, 
can show some differences: 

• Monitoring: Passengers could be involved in this application scenario in order 
to detect also behavioural issues related to passengers.  

• Precision: In this application precision requirements are not very high, it is 
enough to know if a specific person is inside a monitored room or not. This is 
usually done monitoring all of the access points of each monitored room. 

• Speed: Reliability requirement are very important here, that means that even if 
a person runs, the system must not loose his movement. Especially for those 
architectures where only access point are monitored, it is important to setup 
the detection speed of single device in order to capture everybody is running 
through at maximum speed. 

• Localisation reliability: this feature is very critical in this application because 
a lack of reliability can potentially cause severe damage. To reach desired 
high level of reliability it is necessary working at detection device level and at 
data elaboration level implementing appropriate business. 

• Reliability against Casualty, SRtP: Monitoring unsafe behaviour is needed 
especially when a Casualty occurs. Because of this reason, PTS cannot stop 
working until the dangerous situation is solved or until the ship is in Port in 
safe condition. Then it is natural asking the PTS to be compliant to SRtP 
regulation and to be, as example, single point of failure tolerant. 

• Reliability against Casualty, Failure delectability: it is possible that for 
some reasons a detection device stop working properly. This information must 
be promptly available to avoid, for example, that CO2 is injected in the room 
monitored by the not working device while a non detected person is inside of 
it. 

• Cost: Unsafe behaviour monitoring can involve many more rooms that one’s 
considered intrinsically dangerous, e.g. CO2 covered rooms. Then People 
tracking cost can be higher that dangerous room monitoring case. 

• Ergonomics, detection: detection event must be ergonomic enough to avoid 
interference with crew operation e to not be unpleasant for passengers. Then 
detection ergonomics for this application as high relevance. 

• Ergonomics, data utilisation: data generated by PTS must be shown to the 
safety team in a very readable and understandable format.  
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• Privacy: Passengers could be involved in this application scenario in order to 
detect also behavioural issues related to passengers. In this case privacy and 
ergonomics requirement become more relevant. 

• Data size: data size depends on number of monitored rooms and number of 
passengers and crew member. Considering that people are tracked only when 
they transit from one room to another, data generated are lower than in many 
other applications.  

• Impact on Procedures: In this application, procedures can remain basically 
unchanged and the impact of PTS on them is low. 
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6.6 Children, elder and disabled persons support  
A system that could support children monitoring, or that could support elder or disabled 
people management, is highly demanded. A reliable people tracking system is the right 
tool to fulfil the current lack on passenger vessel services offer. In this scenario, people 
that have special needs and that are more exposed to dangerous situations will be 
equipped with a location device. This service would be offered on demand based, not in 
a compulsory format, and could not necessary be for free. 
 
Typical People Tracking System requirement are below analysed in the specific 
business case of monitoring people with special needs.  

• Monitoring: people with special needs are almost always passengers: 
children, elder people, people with some disability. 

• Precision: in this case precision is very important in order to localise 
monitored people and support them in case of problem. For example it is not 
enough to monitor children movement room based, in large passenger vessels 
children can get lost in big and potentially dangerous room and need to be 
localised whit certain accuracy.  

• Speed: children car run even fast, that should be considered in designing the 
tracking system. 

• Localisation reliability: to be effective in supporting people with special 
needs, reliability of PTS must be high. Monitored people could require support 
anytime, for this reason localisation mechanism must work continuously and in 
a reliable way. 

• Reliability against Casualty, SRtP: it is highly probable that during 
emergency situation, people with special needs require most of support. Then 
when PTS is used to support such people, it is important to keep it working 
even during an emergency situation. 

• Reliability against Casualty, Failure delectability: as in all application that 
are safety related, if a failure occurs, it must be promptly communicated to 
safety team in order to solve the failure or to avoid basing critical decision on a 
not working system. Then it is natural asking the PTS to be compliant to SRtP 
regulation and to be, as example, single point of failure tolerant. 

• Cost: In this case costs have to be considered potentially high, because the 
whole ship has to be covered. Then, localisation technology and system 
architecture have to be selected in order to minimize hardware, installation 
and maintenance costs. 

• Ergonomics, detection: Ergonomics here is at maximum importance 
because target people have special needs: children can easily loose 
localisation devices; elder and people with special needs can have difficulties 
in wearing the localisation devices;  
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• Ergonomics, data utilisation: how generated data are shown to users (i.e. 
crew member, parents, relatives, etc.) is highly important to avoid the support 
comes too late. Because of that ergonomics of data access is an important 
topic 

• Privacy: support to people with special needs is a service provided on 
demand. Then privacy concern is usually solved when user or who is 
responsible for him, accepts contract of service delivery.  

• Data size: it is not possible at design phase to define how many people will 
buy the service we are talking about. Then a good estimation, maybe a bit 
oversized, has to be implemented case by case. In general this kind of 
application could generate a mid size volume of data. 

• Impact on Procedures: at the moment there are not many tracking service 
for people with special needs available on board of passengers vessels. Then 
new procedures can be thinkable. 

 

6.7 Green policy 
Reducing energy consumption on board is a very attractive opportunity for both cost 
saving and for green policy related reasons. People tracking system can contribute also 
in this domain. In fact knowing people position and movements, in real time or on 
statistical base, it is possible to optimise delivery of services that are related to customer 
demand volume and that are expensive in terms of energy consumption. Despite its 
great interest and potential benefit that could bring, this application domain is relatively 
new and not well known and understood. The detailed analysis of all potential 
application in green policy of Indoor positioning system is outside the scope of this 
document. Further investigation on a real business case should be needed to 
understand relationship between this application scenario and requirements for a people 
tracking system. However we will analyse here the requirements of those group of 
energy saving applications that can get benefit from knowing people movements across 
rooms in real time and on historical basis, like illumination and conditioning level control. 
In this application group PTS can generate information about a facility usage, by 
passengers and crew. This information can be used to properly optimise the energy 
consumption of such facility adapting it to the actual usage scheme. 

• Monitoring: all people in principle need to be monitored. 

• Precision: in this case it is enough monitor people flow across specific rooms.  

• Speed: low speed is enough, it is reasonable to suppose people walking. 

• Localisation reliability: reliability need to be enough to give good data for 
facility data consumption management. However PTS in this application is not 
a life saving system therefore some level of errors are more than acceptable. 

• Reliability against Casualty, SRtP: That is not required. 
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• Reliability against Casualty, Failure delectability: it is important to know as 
soon as possible if a detection point is not working in order to take that into 
account in data analysis. 

• Cost: In this case costs are related to number of facility that need to be 
monitored and to number of people to people that is supposed to interact with 
them. In general is possible to consider that the cost level is of medium 
relevance. 

• Ergonomics, detection: Ergonomics here is important because passengers 
are involved. 

• Ergonomics, data utilisation: data utilisation is important but rather than 
ergonomics here is necessary to take special care of business rule design, in 
order to provide the right level of data filtering and elaboration to solve the very 
question about how and when the specific facility need to operate and 
consume. 

• Privacy: being passengers involved, privacy issues here have to be taken in 
consideration.  

• Data size: being involved few facilities but in principle all of people on board, 
in general this kind of application could generate a mid size volume of data. 

• Impact on Procedures: this is a relatively new field of application, then new 
procedures have to be built. 
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6.8 Customer care 
Preventing damages or managing dangerous situation is not the only domain where a 
good people tracking system is on demand. Another important field of application is 
Marketing related. Knowing movements and behaviour of each specific passenger, can 
support crew on better fulfilling his needs or on proposing right services to him. This can 
be seen as a form of direct marketing on board. This domain is considered very 
interesting and critical from ship owner that often consider all of the information related 
to that as confidential. For this reason it is not possible to go further in detail here on 
specific real business case. However it is possible to perform a general evaluation of the 
importance of people tacking system most common requirement on Customer care 
related applications. 

• Monitoring: in this scenario only passengers need to be monitored. 

• Precision: importance of precision is dependent on the very business case. In 
general the more the data usage is in real time, the more precision is 
important.  

• Speed: in this scenario, PTS is used to interact with customers in a safe 
situation, when customer is standing or is walking at low speed. 

• Localisation reliability: not being used in emergency condition, reliability 
requirement are more relaxed. However reliability level should be high enough 
to have positive impact on customer relationship. 

• Reliability against Casualty, SRtP: not being used in emergency condition, 
for this kind of application it is not necessary that PTS is SRtP compliant. 

• Reliability against Casualty, Failure delectability: if localisation system 
stops working then it is important to know in real time in order to avoid 
implementing wrong decision. In this scenario missing a failure will not lead to 
dangerous situations but could imply some revenue loss. 

• Cost: In this case costs are very dependent on actual business case. In 
general it could be considered that PTS for this kind of application is medium 
expensive. 

• Ergonomics, detection: detection event must be very ergonomic because 
passengers are monitored. 

• Ergonomics, data utilisation: data generated in this scenario are not very 
high or are pre-elaborated in order to be reduced in size when they arrive at 
the final user. Furthermore time pressure and critical decision are not really 
topics of this application scenario. For the above reasons ergonomics of data 
utilisation is has here medium relevance. 

• Privacy: privacy is always a potential issue when passengers are involved. In 
this application, furthermore, each specific passenger has to be tracked giving 
to privacy topic highest importance. 
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• Data size: data generated in this scenario are not very high or are pre-
elaborated in order to be reduced in size when they arrive at the final user. 

• Impact on Procedures: impact of PTS on customer relationship procedure 
can be very high in this application scenario . 
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6.9 Services delivery 
It is very evident that services delivery on board of large passenger vessels, or even big 
ferries, can be improved using properly the knowledge of passengers movement on 
board, whatever these movements are available in real time or on statistical base. There 
are mainly two domains where the mentioned movements knowledge can  bring value: 

1. Service offer planning: knowing customers movement at statistical base, 
together with knowledge of services access data, it is possible to understand 
passengers needs and correctly locate these needs on the right time window. 
In other words it is possible to optimise services offer in an adaptive approach. 
Theatre events, swimming pool opening are example of such category. 

2. Service access: having a system able to identify each specific customer it is 
possible to allow the access to specific rooms where some pay per use 
services are provided, a spa or a gym equipment utilisation. 

Service access case is very similar to Customer care scenario. 
Service offer planning, on the other hand, show some differences in PTS requirements, 
as described in more detail here below. 

• Monitoring: in this scenario only passengers need to be monitored. 

• Precision: for service planning is enough to know people movements on room 
base. 

• Speed: in this scenario, PTS is used to interact with customers in a safe 
situation, when customer is standing or is walking at low speed. 

• Localisation reliability: not being used in emergency condition, reliability 
requirement are more relaxed.  

• Reliability against Casualty, SRtP: not being used in emergency condition, 
for this kind of application it is not necessary that PTS is SRtP compliant. 

• Reliability against Casualty, Failure delectability: in this case a system 
device failure is not so critical as long as this does not happen often and as 
long as it is possible to detect this failure in a reasonable amount of time. 

• Cost: In this case costs are very dependent on actual business case. In 
general it could be considered that PTS for this kind of application is medium 
expensive. 

• Ergonomics, detection: detection event must be very ergonomic because 
passengers are monitored. 

• Ergonomics, data utilisation: data generated in this scenario are pre-
elaborated and reduced in size when they arrive to the final user. Furthermore 
time pressure and critical decision are not really topics of this application 
scenario. For the above reasons ergonomics of data utilisation has here 
medium relevance. 
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• Privacy: privacy is always a potential issue when passengers are involved. In 
this application, however, data are clustered and any relation on each specific 
passenger is lost. This reduces a lot of potential privacy concerns. 

• Data size: data generated in this scenario can be very high but are pre-
elaborated and stored after clusterization. So data volume can be an issue at 
rough data routing and management level but not at storage level. 

• Impact on Procedures: impact of PTS on service delivery procedure can be 
very high. 
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7 Pilot case: application scenario and 
requirements definition 

 

7.1 Pilot application definition 
As previous chapters demonstrate, there are many application scenarios of a reliable 
People tracking system. Requirements that such tracking system has to fulfil change in 
their relevance case by case. Then, before starting the design of the architecture of a 
real pilot system, it is important to define the application scenario and to understand 
what questions the tracking system will answer and which services it will provide. 
Considering market demand, budget availability and considering our background, we 
decided to focus our effort on an application in the safety domain, where as a first step 
only crew is monitored, even though the coverage of all of the passengers should be left 
to a possible system upgrade if ship owner will require it later. 
 
Then the pilot system that will be realized within the MONALISA 2 project will have 
characteristics described here below: 
 
 

1) People tracking system coverage will include CO2 covered areas and muster station 
areas only.  

2) Only crew members will be monitored 

3) Dangerous areas monitoring function will be provided as described in previous 
chapters. This will allow the detecting of people in order to avoid CO2 discharge when 
someone is still inside the room. PTS system will not automatically discharge CO2, it will 
just provide information to the decision maker. 

4) Rescue operations will be supported by a people tracking system in case crew members 
are in difficult situation before CO2 discharge.   

5) Roll-call at muster station function will be provided as described in previous chapters. 
This function will not be utilised to evacuate the full ship but to call crew members in one 
point when an emergency happens and when only safety brigades have to run through 
the ship. It will be used to double check that nobody is inside a room before releasing 
CO2 in it. 
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7.2 Requirements definition 
The pilot system scenario is a mixture of “Dangerous areas monitoring”, “Roll-call at 
muster station” and “rescue” applications as described in previous chapter.  Because of 
that, selected people tracking system will have to fulfil a requirement set that is a mixture 
of requirements sets of mentioned applications: 

• Monitoring: only crew. 

• Precision: it is necessary to detect injured people inside dangerous areas to 
effectively rescue them. Precision between 2-5m is necessary. 

• Speed: Reliability requirement are very important here, that means that even if 
a person runs, the system must not lose his movement.  

• Localisation reliability: this feature is very critical in this application because 
a lack of reliability can potentially cause severe damage to crew members. In 
this case reliability can be improved working at a system level, combining the 
two functions of room monitoring and roll-call at muster station. Decision 
maker before releasing CO2 will have two pieces of information that can be 
used as cross check to reduce error probability: tracking system will check that 
nobody is inside the target room and that everybody is detected at muster 
station. 

• Reliability against Casualty, SRtP: pilot system will be SRtP compliant. 

• Reliability against Casualty, Failure delectability: a system device failure 
must be promptly communicated to the safety team. 

• Cost: In this case costs can be kept relatively low if the right architecture is 
selected. Compared to another kind of application the cost of PTS for 
monitoring dangerous rooms can be considerate to be medium expensive. 

• Ergonomics, detection: a detection event must be ergonomic enough to 
avoid interference with crew operation. Then detection ergonomics for this 
application has a medium relevance. 

• Ergonomics, data utilisation: Data utilisation Ergonomics must be high in 
order to give decision makers the right support. Fusion of the information 
coming from the “dangerous area monitoring” and from the “roll-call support” 
sub-systems must be intuitive and understandable. 

• Privacy: when only crew members are monitored, as in this case, the privacy 
issue is usually low. 

• Data size: data size depends on the number of monitored rooms and number 
of crew members. In general we can consider this as an application having 
mid size data volume. 

• Impact on Procedures: for this kind of scenario, impact on procedures is not 
negligible. However it is possible to limit resistance to change, leaving to a 
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human decision maker the final decision for any real action. However to get 
most benefit from PTS, some changes are needed in: 

o CO2 discharge  procedures 

o Injured crew member rescue procedures 

o Roll-call procedures. 

 
 
 
In the table below, the requirements for the pilot application are summarized. 
 

PTS characteristics  Requirement for pilot 
application Notes 

Precision 5m or better  

Speed Below 3 m/s Slow run 

Localisation reliability 99,9% at system level  

SRtP 
Single point of failure 
tolerant 

 

Failure delectability Real time monitoring of 
each point of detection  

 

Size 
10:15 areas CO2 
covered and maximum 
2 muster station 

 

Detection Ergonomics Medium level 
Detection operation should not 
interfere with normal crew operations 

Data utilisation 
Ergonomics 

High level ergonomics 
If possible filtered data should be 
available in an integrated form inside 
SMCS 

Privacy Low concern  

Data volume 

It depends on 
technology choice. Mid 
size level of data traffic 
is expected 

 

Impact on Procedures High impact expected  
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A very generic architecture scheme for PTS pilot system is shown here below. 
 

 
 
The final architecture will be influenced by the actual selected technology so it might 
differ slightly from the one shown above. However some elements are quite technology 
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independent. The tracking system in its most general form will need a fixed device 
mounted close to the localisation point, and a mobile device carried by people under 
tracking. All of the generated tracking data have to be collected at a central point where 
business logic for each function has to be applied: 

• Roll call function: rough data has to be filtered to just give an answer to the 
question as output: “who is inside the muster station at roll-call time?” 
Middleware module has to apply “Roll call data” filtering business logic. 

• Dangerous areas monitoring function: rough data has to be filtered to just 
give as output an answer to the question: “is there anyone in that specific 
room”. Middleware module has to apply “empty room check” data filtering 
business logic.  

• Rescue function: rough data has to be filtered to just give as output an 
answer to the question: “where is that missed crew member? ”. Middleware 
module has to apply “crew location” data filtering business logic. 

It must be noted here that business logic can be made by complex filtering and cross 
check operations in order to maximise system level reliability. For example, consider 
empty room check that could be made by just checking in rough data database if 
anyone is detected in a specific room. On the other hand, to confirm that a person is not 
in a specific room, the middleware could check in addition if everybody is detected 
somewhere else. Final format of business logics will be defined during next activities of 
the project. 
 
After middleware filtering, properly formatted data should be accessible by the SMCS 
system that  will integrate People Tracking data with other safety relevant data, will route 
them and finally will make them available in a proper format to the final user, in order to 
support him during roll-call, rescue operation and CO2 discharging, when needed. 
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By designing and demonstrating innovative use of ICT solutions 
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Swedish Maritime Administration ◦ LFV - Air Navigation Services of Sweden ◦ SSPA ◦ 
Viktoria Swedish ICT ◦ Transas ◦ Carmenta ◦ Chalmers University of Technology ◦ World 

Maritime University ◦ The Swedish Meteorological and Hydrological Institute ◦ Danish 
Maritime Authority ◦ Danish Meteorological Institute ◦ GateHouse ◦ Navicon ◦  Novia 

University of Applied Sciences ◦  DLR ◦  Fraunhofer ◦  Jeppesen ◦  Rheinmetall ◦  
Carnival Corp. ◦  Italian Ministry of Transport ◦ RINA Services ◦ D’Appolonia ◦ Port of 

Livorno ◦ IB SRL ◦  Martec SPA ◦ Ergoproject ◦ University of Genua ◦ VEMARS ◦  
SASEMAR ◦ Ferri Industries ◦ Valencia Port Authority ◦ Valencia Port Foundation ◦ 

CIMNE ◦ Corporacion Maritima ◦ Technical University of Madrid ◦ University of Catalonia 
◦  Technical University of Athens ◦ MARSEC-XL ◦ Norwegian Coastal Administration 
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