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1 Summary 

The main objective of this Report is to provide a detailed definition of the use cases and 

application (reference) scenarios that will be used in PALAEMON IT system/platform design 

and as essential input to the pilots (Field Trials) that will demonstrate the capacity of the 

project to address ship evacuation needs under an innovative and holistic approach. The 

Report draws on the relevant Marine Emergency Evacuation (MEE) literature, and more 

broadly on the research undertaken these last years in the domain of evacuation management 

but also incorporates the technical knowledge accumulated within the organizations 

participating in Project Work Package 1 (WP1) – Task 2.3 (Reference Scenarios, Pilot 

Operations Specifications and KPIs) and by collecting information from use case (pilot) 

partners and other external sources. The Report adopts high-tech technological means (e.g. 

IT systems technologies, automated Incidence Management and Decision Support System 

functionality, passenger and crew indoor positioning methods, 5G networks and IoT, etc.), 

integrates the function of ship evacuation, and establishes a Smart Evacuation Management 

System. This system improves over the current simulation-based and intelligent evacuation 

system, and realizes the adaptive to the ship prevailing conditions guidance of the passengers 

and the crew during the evacuation process, and the people flow monitoring in real-time. 

 

The Report is structured in the following sections, besides the Summary section: 

 

Section 2 introduces the Report and gives the context of this Report and how it related to 

Tasks and other Reports of the Project Work Package 2 (Use Case Driven Requirements – 

Engineering and Architecture). 

 

Section 3 explores the relevant literature and the previous work inside and outside of the 

project to define the concepts of Smart Evacuation Management (SEM) and Smart 

Evacuation Management Systems as a layer of additional to existing evacuation functionality 

to allow for technology-aided Evacuation Management in cruise and RoPax vessels. The 

proposed SEM provides technology-enhanced and software0-enabled evacuation 

possibilities, which can be used by evacuation coordinators to: a) support the effective 

application of an Evacuation Plan (EP) by providing proper guidance to crew and passengers, 

b) Manage incidents that could possibly hinder the timely execution of the EP from the initial 

time the incidence is reported to the conclusion of the incidence, c) track the status & location 

of resources and passengers, and reassess response plans if needed and, d) design and 

post-evacuation analysis of the response, on the basis of Key Performance Indicators (KPIs). 

 

Section 4 looks at key evacuation requirements in realistic operational scenarios and outlines 

a set of clearly defined evacuation scenarios. They are based on a detailed look at available 

historical data with reference to accident reports and at available in the literature evacuation 

management cases; they also sought feedback from the PALAEMON Consortium members 

and other professional mariners out of the Consortium, with the aim of bringing realism and 

credibility to the scenarios. The reference scenarios included in this Report should serve as 



MG-2-2-2018              PALAEMON - 814962 

 

PALAEMON / D2.4 First version of PALAEMON  

Use Cases Definition & Operational Requirements                                                                                             11 

reference scenarios for the PALAEMON IT platform development and for the deployment of 

PALAEMON SEM in the context of Project Pilots (Field Trials)  

 

Section 5 discusses in further detail the key functionality of a technology-aided Marine 

Evacuation Emergency and more specifically the functions: a) providing information and 

advice intended to support various aspects of the evacuation task (Standard Evacuation 

Functions) and, b) supporting the management of incidents hindering the evacuation process 

(Incident Management Functions). The Report provides an outline of the specifications of 

these functions, with the greatest emphasis being placed on the incident management 

functions that are executed essentially by the PIMM (PALAMEON Incident Management 

Module) component of PALAEMON SEM – while the PaMEAS component of PALAEMON 

SEM (Passengers Mustering and Evacuation process Automation System), supported by a 

stand-alone 5G network deployed on the ship, is responsible for retrieving and processing the 

location information of passengers and crew and construct, on the basis of this information, 

the appropriate evacuation response. 

 

Section 6 defines evacuation ;uantitative requirements on system level and KPIs. Although 

the unpredictable nature of MEE situations makes it difficult to know for certain if everything 

will go as planned until after a specific situation has occurred, relying only on “seeing what 

happens when the situation occurs” to assess design efforts in PALAEMON cannot provide 

all the ingredients needed to craft a good SEM system. It is therefore important to be able to 

measure how well the proposed SEM system is designed to perform, not just watch how well 

it performs after the fact.  

 

Section 7 concludes on the Report. 
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3 The generic framework for PALAEMON Reference Scenarios and Pilot 

Operations: Smart Evacuation Management (SEM) 

3.1 Ship Evacuation Management: Main concepts and trends 

Maritime safety is one of the most important issues promoted with international maritime 

regulations and guidelines (MSC/Circ.909 in IMO 1999; MSC/Circ. 1033 in IMO 2002; 

MSC.1/Circ.1238 in IMO 2007; MSC.1/Circ. 1533 in IMO 2016; SOLAS II-2/28.3 in SOLAS 

1995; and STW 38/5/1 in IMO 2006)1. The shipping companies and other organizations 

performing marine transportation pay particular attention on issues related to the safety of 

passengers and crew. Providing safe and effective evacuation of ships in an emergency 

situation becomes a critical necessity that need the definition of strategy and organization.  

 

Typically, evacuation management is a risk-management strategy that is applied to mitigate 

the effects of an emergency. It always involves the organized movement of people threatened 

to a safer location. A Handbook on Evacuation Planning from the Australian Institute for 

Disaster Resilience, made and regularly updated for the needs of the Australian Government, 

defines evacuation management as a “complex and demanding activity that may be carried 

out under hazardous and time critical conditions, sometimes over several days or, 

occasionally, over several weeks”2. Of course, the evacuation of ships has many different 

aspects as compared to the evacuation of building or other infrastructures. Especially, the 

evacuation of cruise ships and RoPax vessels with a large carrying passenger capacity, is a 

multipart and multifaceted problem (procedural, behavioural, technical) that should be 

resolved: a) in conditions of an ambient and fundamental uncertainty due to simultaneously 

developing incidents, such as progressive flooding, foundering, fire/smoke etc., exacerbated 

by the unpredictability of human behaviour3, b) within a very limited time span, given the IMO 

 

1 IMO, 1999, Interim Guidelines for a Simplified Evacuation Analysis on Ro-Ro Passenger Ships. MSC/Circ. 909. 

London, UK: International Maritime Organization. 

 IMO, 2002, Interim Guidelines for Evacuation Analyses for New and Existing Passenger Ships. MSC/Circ. 

1033. London, UK: International Maritime Organization. 

 IMO, 2006, Passenger Ship Safety. STW 38/5/1. London, UK: International Maritime Organization. 

 IMO, 2007, Guidelines for Evacuation Analysis for New and Existing Passenger Ships. MSC.1/Circ. 1238. 

London, UK: International Maritime Organization. 

 IMO, 2010. Strategy and Planning (A) Monitoring of Performance. London, UK: International Maritime 

Organization. 

 IMO, 2016, Revised Guidelines for Evacuation Analysis for New and Existing Passenger Ships. MSC.1/Circ. 

1533. London, UK: International Maritime Organization. 

2  Australian Institute for Disaster Resilience, 2017, Australian Disaster Resilience Handbook Collection - 

Evacuation Planning, available at https://knowledge.aidr.org.au/media/5617/aidr-evacuation-planning-

handbook.pdf 

3  Vassalos D. et al, 2002, Evacuability of Passenger Ships at Sea, available at 

http://polycad.co.uk/downloads/SASMEX_2002.pdf  

https://knowledge.aidr.org.au/media/5617/aidr-evacuation-planning-handbook.pdf
https://knowledge.aidr.org.au/media/5617/aidr-evacuation-planning-handbook.pdf
http://polycad.co.uk/downloads/SASMEX_2002.pdf
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under SOLAS Regulation requirement for a maximum allowable total passenger ship 

evacuation time in the range of 60 to 80 minutes4.  

 

Evidently, modern ships form “floating cities”, hosting thousands of “habitants” (passengers 

and crew) which attract a multilingual/multi-cultural clientele. Nothing is easy when one should 

assemble thousands of people speaking different languages at the muster stations and then 

get them to the lifeboats, life-rafts etc. Congestion, coordination slacks and back-and-forth 

movements are the norm, while the natural stress of passengers weakens their ability to deal 

appropriately with the complexity and the urgency of the situation. Further, the structural 

complexity of passenger ships (i.e., stairways and narrow escape routes), the operation 

conditions (i.e., manoeuvring), and the dynamic environmental factors (i.e., weather 

conditions, ship stability etc.) are essentially influencing the evacuation process. Figure 1 

summarizes the different influences on the movement of passengers onboard a ship in case 

of an evacuation5 which should be certainly taken in consideration in the design of a Marine 

Evacuation System – MES. 

 

Figure 1: The influences on the movement of passengers onboard a ship in case of an evacuation 

 

Generally speaking, the factors influencing the evacuation process can be categorized in four 

main areas6: a) environmental, b) geometrical, c) procedural and, d) population – where the 

ship population includes both the passengers and the crew. In fact, the evacuation procedure 

in ship environments rely much on information and guidance coming from the crew. As the 

working environment of seafarers typically involves time-zone crossing, noise, heat, cold and 

 

4  IMO, 2017, Revised Guidelines on Evacuation Analysis for New and Existing Passenger Ships, available at 

https://www.traffgo-ht.com/downloads/pedestrians/downloads/documents/MSC.1,Circ.1533,2016.pdf 

5  Klupfel H., 2010, Ship Evacuation – Guidelines, Simulation, Validation, and Acceptance Criteria, 10.1007/978-

3-642-04504-2_21 available at https://www.researchgate.net/publication/226367566_Ship_Evacuation-

Guidelines_Simulation_Validation_and_Acceptance_Criteria 

6  ibid; see also: Lee D. et al, 2003, The current status and future issues in human evacuation from ships, Safety 

Science. 41. 861-876. 10.1016/S0925-7535(02)00046-2 available at 

https://www.researchgate.net/publication/222665232_The_current_status_and_future_issues_in_human_eva

cuation_from_ships 

https://www.traffgo-ht.com/downloads/pedestrians/downloads/documents/MSC.1,Circ.1533,2016.pdf
https://www.researchgate.net/publication/226367566_Ship_Evacuation-Guidelines_Simulation_Validation_and_Acceptance_Criteria
https://www.researchgate.net/publication/226367566_Ship_Evacuation-Guidelines_Simulation_Validation_and_Acceptance_Criteria
https://www.researchgate.net/publication/222665232_The_current_status_and_future_issues_in_human_evacuation_from_ships
https://www.researchgate.net/publication/222665232_The_current_status_and_future_issues_in_human_evacuation_from_ships
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continuous work, the stress and the fatigue related to such working conditions may impact on 

health and safety outcomes7.  

 

All these interacting and coexisting influences are factors of complexity and time-delays which 

explain why very large differences may occur between the estimated and realized evacuation 

times in ship accidents, as pointed out by a recent global review of the emergence evacuation 

management methods and practices in maritime transportations8. The organization and the 

effective deployment of the evacuation plan is of primordial importance. 

 

In a previous PALAEMON Deliverable9, we have explained in detail how the process of 

Maritime Emergency Evacuation (MEE) is regulated and organized in context. We provide 

here a short summary while focusing on what is needed for designing the core principles of 

the PALAEMON proposition.  

 

First, maritime safety is the subject of an extended and updated framework of requirements 

and rules to be implemented. The IMO ISM Code explicitly requires from Shipping Companies 

to identify potential emergency shipboard situations and establish procedures to appropriately 

respond to them.  

 

Second, traditionally, the shipping companies have contingency plans in place for shipboard 

emergencies. The objective of these evacuation plans is to ensure that the Master, the officers 

and the crew of the ship can respond to emergency situations efficiently and effectively. In 

practice, evacuation plans should provide clear and unambiguous instructions and guidance, 

effectively manage the emergency, gain control over the situation through systematic action, 

and avoid, or minimize, the risk to human life, to environment and company’s property. Plans 

and procedures for ship abandonment are included in these contingency plans10, where also 

are described in detail the duties and responsibilities of the crew members. In short, all 

predictable emergency situations should be explicitly detailed in the vessel evacuation plan. 

Usually, they are ship specific, developed during the design phase of a ship and approved by 

a flag/classification society, to ensure the most effective egress of passengers and crew in 

 

7  Chung Y. S, et al,. 2017. Burnout in Seafarers: Its Antecedents and Effects on Incidents at Sea. Maritime Policy 

& Management, 44(7):916-931 doi:10.1080/03088839.2017.1366672. available at  

https://www.tandfonline.com/doi/abs/10.1080/03088839.2017.1366672?journalCode=tmpm20 

8  Sarvari P. A., 2018, Studies on emergency evacuation management for maritime transportation, Maritime 

Policy & Management, 45:622-648, available at 

https://www.tandfonline.com/doi/full/10.1080/03088839.2017.1407044?needAccess=true 

9  PALAEMON D2.1, 2020, Report on the analysis of SoA, existing and past projects/initiatives 

10  ibid. As this document (PALAEMON D2.1) points out, the Master of the ship has the overriding authority and 

the responsibility to make and exercise decisions with respect to safety at sea, prevention of human injury or 

loss of life, and avoidance of damage to the environment, and to property. Thus, in an emergency, she has the 

responsibility to act promptly according to his professional judgment of the overall circumstances. It is also 

under her responsibility the activation of the shore emergency response whenever required. 

https://www.tandfonline.com/doi/abs/10.1080/03088839.2017.1366672?journalCode=tmpm20
https://www.tandfonline.com/doi/full/10.1080/03088839.2017.1407044?needAccess=true
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the event of an emergence evacuation11. Normally, evacuation plan(s) must be accompanied 

by a study describing the evacuation analysis performed to produce and optimize the plan, 

and by onboarding emergency training actions and drills.  

 

An evacuation plan is based on ship’s general layout. The plan should include a diagram 

showing the distribution of passengers from spaces where they may stay the moment when 

evacuation to assembly stations starts12. But the essential part of evacuation plan are its 

optimization as a function of real evacuation time, and the planning of the evacuation routes 

so to establish many alternative routes and escape possibilities. 

 

Finally, the preparation for the execution of the evacuation plan define the evacuation 

management approach. The term “evacuation management” encompasses several actions, 

among them:  

 

i. The planning “in context” and the forecasting of needs for logistics (evacuation 

execution plan). 

ii. The analysis based on evacuation scenarios, simulations and accumulated 

knowledge from actual accident experiences (evacuation models). 

iii. The maintenance and updating of the ship evacuation system and the conduct of 

emergency evacuation drills and frequent exercises, performed in order to train staff 

and passengers and to evaluate the ship efficiency and effectiveness in carrying out 

emergency evacuation procedures (evacuation operations).  

 

All these matters have been extensively investigated in the last years and the related research 

through marine emergency evacuation has greatly been enhanced. The shipping companies 

and the practitioners have, in fact, accumulated important tacit and codified knowledge on 

how to plan, maintain and operate specific evacuation models. The researchers contributed 

with an abundant literature on the topics of theoretical models and simulations for passengers 

ship evacuation13. What is even more interesting is a recent trend towards proactive risk 

management thinking, an innovative approach for evacuation applying to the whole 

 

11  Lozowicka D., 2012, Organization of evacuation from passenger ships – a concept of safety enhancement, 

Scientific Journals 32(104):110-114, available at 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiAkt2

k5L_qAhXnx4UKHbeNAMAQFjAAegQIAxAB&url=http%3A%2F%2Fyadda.icm.edu.pl%2Fbaztech%2Feleme

nt%2Fbwmeta1.element.baztech-article-BWM7-0007-

0042%2Fc%2Flozowicka.pdf&usg=AOvVaw0bj3n9T_sSKqhXKMrjGBGx  

12  ibid. 

13  A Google Scholar search of the topic “ship evacuation management”, in early July 2020, reveals the existence 

of 11.600 references only since 2016, see: 

(https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&as_ylo=2016&q=ship+evacuation+management

&btnG=). 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiAkt2k5L_qAhXnx4UKHbeNAMAQFjAAegQIAxAB&url=http%3A%2F%2Fyadda.icm.edu.pl%2Fbaztech%2Felement%2Fbwmeta1.element.baztech-article-BWM7-0007-0042%2Fc%2Flozowicka.pdf&usg=AOvVaw0bj3n9T_sSKqhXKMrjGBGx
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiAkt2k5L_qAhXnx4UKHbeNAMAQFjAAegQIAxAB&url=http%3A%2F%2Fyadda.icm.edu.pl%2Fbaztech%2Felement%2Fbwmeta1.element.baztech-article-BWM7-0007-0042%2Fc%2Flozowicka.pdf&usg=AOvVaw0bj3n9T_sSKqhXKMrjGBGx
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiAkt2k5L_qAhXnx4UKHbeNAMAQFjAAegQIAxAB&url=http%3A%2F%2Fyadda.icm.edu.pl%2Fbaztech%2Felement%2Fbwmeta1.element.baztech-article-BWM7-0007-0042%2Fc%2Flozowicka.pdf&usg=AOvVaw0bj3n9T_sSKqhXKMrjGBGx
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiAkt2k5L_qAhXnx4UKHbeNAMAQFjAAegQIAxAB&url=http%3A%2F%2Fyadda.icm.edu.pl%2Fbaztech%2Felement%2Fbwmeta1.element.baztech-article-BWM7-0007-0042%2Fc%2Flozowicka.pdf&usg=AOvVaw0bj3n9T_sSKqhXKMrjGBGx
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&as_ylo=2016&q=ship+evacuation+management&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&as_ylo=2016&q=ship+evacuation+management&btnG=
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evacuation process, from the design stage to the operation stage14. In this context, two key 

enablers specifically emerge: a) the increasing use of real-time sensorized Decision Support 

Systems (DSSs), able to provide feedback and guidance to all actors participating in an 

evacuation process and, b) the integration into the ship evacuation system of the mobile and 

wireless communications technologies and networks, and the new possibilities offered by the 

smart devices (owned by the passengers) and the deployment of IoT infrastructures. These 

two key enablers create the conditions for designing a technology-aided and increasingly 

automated evacuation process. 

3.2 Towards a technology-aided evacuation management 

In state-of-the-art research, marine emergency evacuation is defined as mustering, directing, 

and taking many people away from a ship under an existing or potential hazard to a relatively 

safe place (Lifeboats and other Maritime Evacuation Systems - MES, nearby ships, air rescue 

helicopters, etc.), in a planned manner15. An evacuation follows a sequence of events shown 

in the Figure below16. 

 

 

Figure 2: The sequence of events during an evacuation process 

 

More specifically, the process can be divided into the following processes and tasks17: 

 

 

14  Stefanidis F., et al, 2019, Ship Evacuation and Emergency Response Trends, Design & Operation of 

Passenger Ships 2019, available at 

https://www.researchgate.net/publication/337619932_Ship_Evacuation_and_Emergency_Response_Trends 

15  Sarvari P. A.,  et al, 2019, A maritime safety on-board decision support system to enhance emergency 

evacuation on ferryboats, Maritime Policy and Management 46(4):410-435, available at 

https://www.tandfonline.com/doi/abs/10.1080/03088839.2019.1571644   

16  H. Klupfel, op. cit. 

17  PALAEMON D2.1, op. cit. 

https://www.researchgate.net/publication/337619932_Ship_Evacuation_and_Emergency_Response_Trends
https://www.tandfonline.com/doi/abs/10.1080/03088839.2019.1571644
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Figure 3: The five stages of an evacuation process 

 

In case of an emergency (e.g., fire, flooding, grounding, collision, pollution, heavy weather 

damage, security threat, failure of critical machinery, etc.), the response strategy depends 

first οn the appreciation of the nature and extent of the incident by the Master of the ship. 

Traditionally, this is a very important human task that is accomplished with the support of the 

crew members who continuously transmit real-time information on the emergency conditions 

prevailing within the ship, the level of risk and its spread, and on how it affects the safety of 

passengers. More recently, however, the assessment of an emergency and the decision of 

the ship management to evacuate the ship are also aided by digital Decision Support Systems 

(DSS), eventually operating with ship evacuation modelling software18. Specifically, these 

systems work in two distinct operating modes: a) vulnerability monitoring for increasing the 

safety awareness onboard the intact ship and, b) survivability assessment and Decision 

Support in case of an incident19.  

 

Decision Support Systems are not the only technological enabler for an enhanced evacuation 

process. As already mentioned, during the very last years, key enabling technologies are 

wireless and mobile communications, smart networked devices and IoT (ship sensor 

technologies and smart cameras, intelligent evacuation indication systems20). These 

technologies allow for the development of a new generation of accurate ship evacuation 

technologies, much beyond evacuation modelling and simulations, to provide passengers 

tracking in real time conditions, technology-assisted passenger directing, mustering and ship 

 

18  Stefanidiis F. et al, op. cit. 

19  Pennanen P., et al, 2015, Integrated decision support system for increased passenger ship safety, The Royal 

Institution of Naval Architects available at 

https://www.researchgate.net/publication/283878182_Integrated_decision_support_system_for_increased_p

assenger_ship_safety  

20  Mei Y. et al, 2019, IoT-based real time intelligent routing for emergent crowd evacuation, Library Hi-Tech 

37(3):604-624, available at https://www.emerald.com/insight/content/doi/10.1108/LHT-11-2017-

0251/full/pdf?title=iot-based-real-time-intelligent-routing-for-emergent-crowd-evacuation 
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https://www.researchgate.net/publication/283878182_Integrated_decision_support_system_for_increased_passenger_ship_safety
https://www.researchgate.net/publication/283878182_Integrated_decision_support_system_for_increased_passenger_ship_safety
https://www.emerald.com/insight/content/doi/10.1108/LHT-11-2017-0251/full/pdf?title=iot-based-real-time-intelligent-routing-for-emergent-crowd-evacuation
https://www.emerald.com/insight/content/doi/10.1108/LHT-11-2017-0251/full/pdf?title=iot-based-real-time-intelligent-routing-for-emergent-crowd-evacuation


https://www.semanticscholar.org/paper/Intelligent-Evacuation-Management-Systems%3A-A-Review-Ibrahim-Venkat/dd4ff7dc1d61229ea9df751f7f4767dee37e998b
https://www.semanticscholar.org/paper/Intelligent-Evacuation-Management-Systems%3A-A-Review-Ibrahim-Venkat/dd4ff7dc1d61229ea9df751f7f4767dee37e998b
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“guided by the instinctual urge to get away from the danger” (with limited rational thinking on 

finding a way-out23), the assembly and evacuation of a passenger ship requires an integrated 

approach to evacuation management. This approach should account for all aspects of 

maritime operations: from crew training (and passenger training through safety drills on board 

cruise ships), to the design of standards of emergency equipment, emergency procedures, 

safety rules, regulations, guidelines, etc. As pointed out by Stefanidis et al.24 the biggest 

challenge today is the integration of all the systems participating in ship evacuation and 

emergency response under the guidance of an IT multi-layer platform. 

 

PALAEMON designs and develops such a platform under a holistic approach called 

“passenger ship evacuation ecosystem”. The following Figure, taken by the Deliverable 2.625, 

displays the different types of components that take part of the system from the information 

generation (left part of the Figure) until the moment a service is consumed. It also presents 

the wide spectrum of end users that will play an important role throughout the different phases 

of the evacuation process, as illustrated at the right frame of the Figure 4. 

 

 

Figure 4: PALAEMON overall architecture vision 

 

In fact, the architecture of PALAEMON implements a holistic approach which envisions a 

sophisticated centralized evacuation system, based on a radical re-thinking of Mass 

Evacuation Vessels (MEVs) combined with an intelligent ecosystem of interoperable IT 

components which can: 

 

23  Nevalainen J., et al, 2015, Modeling Passenger Ship Evacuation from Passenger Perspective, available at 

https://www.researchgate.net/publication/281458321_Modeling_Passenger_Ship_Evacuation_from_Passeng

er_Perspective 

24  Op. cit.  

25  PALAEMON D2.6, 2020, PALAEMON architecture 

https://www.researchgate.net/publication/281458321_Modeling_Passenger_Ship_Evacuation_from_Passenger_Perspective
https://www.researchgate.net/publication/281458321_Modeling_Passenger_Ship_Evacuation_from_Passenger_Perspective


https://www.researchgate.net/profile/Marcus_Bole2/publication/237657474_Evacuability_of_Passenger_Ships_at_Sea_By/links/568bac3508ae051f9afc573e/Evacuability-of-Passenger-Ships-at-Sea-By.pdf
https://www.researchgate.net/profile/Marcus_Bole2/publication/237657474_Evacuability_of_Passenger_Ships_at_Sea_By/links/568bac3508ae051f9afc573e/Evacuability-of-Passenger-Ships-at-Sea-By.pdf


MG-2-2-2018              PALAEMON - 814962 

 

PALAEMON / D2.4 First version of PALAEMON  

Use Cases Definition & Operational Requirements                                                                                             22 

time elapsed after the alarm went off, in a given state of the environment and a given state of 

initial distribution of people onboard”. 

 

Figure 5: Evacuability as a probability function 

 

Apparently, to improve ships’ evacuability a significant degree of automation is needed to 

achieve greater efficiency goals, to adapt to unforeseen emergencies or incidents, reduce 

human error, and assign roles and responsibilities in a continuously changing situation. But 

how much automation is needed? There are many ways of classifying automation. 

Parasuraman et al.29 proposed a model for types and levels of human interaction with 

automation. According to that model, functions that can be automated are divided into 

information acquisition, information analysis, decisions and action selection, and action 

implementation. In each of these classes of functions, automation can vary from fully manual 

to fully automatic. Specific automated systems can involve automation of one or many of 

these classes to a varying degree, on the continuum from fully manual to fully automatic.  

 

A more domain-specific categorization of automation for Marine Emergency Evacuation 

(MEE) can be borrowed from the Advanced Driver Assistance Systems (ADAS). Taking the 

work of Parasuraman et al further, Carsten and Nilsson30 have proposed four different groups 

of ADAS based on their ability to intervene in vehicles’ control: systems that provide 

information, issue warnings and feedback, partly intervene in driving, and fully automate 

driving. 

 

 

29  Parasuraman R. et al, 2000, A model for types and levels of human interaction with automation, IEEE 

Transactions on Systems, Man, and Cybernetics – Part A: Systems and Humans, 30(3):286–297, available at 

https://ieeexplore.ieee.org/document/844354 

30  Carsten O.  and Nilsson L., 2001, Safety assessment of driver assistance systems, European Journal of 

Transport and Infrastructure Research, 1(3):225–243, available at  

 https://journals.open.tudelft.nl/ejtir/article/view/3666  

https://ieeexplore.ieee.org/document/844354
https://journals.open.tudelft.nl/ejtir/article/view/3666
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With the purpose of providing meaningful information to PALAEMON evacuation pilots (Field 

Trials), we have designed these scenarios to be as simple, realistic and relevant as possible. 

They are anchored in a basic understanding of the overall MEE framework, including human 

factor, ship’s safety processes and operating procedures. Taking all these factors into 

account, we can enable truly user-based evacuation use-case analyses. 

 

As already mentioned, there are different factors that make up an evacuation scenario and 

these should all be clearly defined in such a way that they unambiguously describe the 

scenario. Ideally the different factors may relate to the total number of people on board, the 

demographics of the population on board the ship, the type of accident the ship is exposed 

to, the time of day when the mustering alarm sounds, the weather condition at the time of 

accident (influencing the movement of the vessel), the lack of accessibility of different parts 

of the ship (e.g. due to an accident) etc. The main causes for an evacuation from passenger 

ships should also be considered, namely fire, explosion and collision34.  

 

Although the current IMO requirements35 regarding evacuation times from passenger ships 

correspond to the requirements related to confinement of fires within each main fire zone, 

explosions and collisions can also become critical regarding evacuation from passenger 

ships. This is because these types of accidents generally leave less time for evacuation than 

fire accidents. If a ship should sink subsequent to an explosion or a collision accident, it will 

obviously impose an absolute maximum time for evacuation—the time it will take the ship to 

sink or capsize, rendering evacuation no longer possible. 

 

In a typical fire accident, it will be more crucial to rapidly evacuate certain affected fire zones 

than to rapidly abandon the whole ship. Only rarely will a fire result in damages that are 

extensive enough to cause the ship to sink, and fires that do escalate will normally be delayed 

by firewalls separating the fire zones. Furthermore, those ships that sink due to a fire will 

normally start sinking after a certain period of time. People on board that are not directly 

exposed to the fire will thus generally have enough time to abandon the ship before the fire 

spreads throughout the ship. For those people occupying the areas of the fire (within the same 

fire zone), however, there may be very little time available to escape before heat and toxic 

gas becomes a major threat to life and health. 

 

In this context of variable abandonment times, there are two fundamentally different types of 

evacuation from a passenger ship that can be distinguished, i.e. precautionary evacuations 

and emergency evacuations. A precautionary evacuation can be initiated in potentially 

dangerous situations even though there are no immediate threats to the people on board. 

Considering the risk associated with the evacuation process itself, the necessity of a 

 

34  Grounding is also a primary MEE cause but is not addressed here for reasons of simplicity and because the 

proposed scenarios are of indicative and not inventory purpose. 

35  ΙΜΟ, 2001, SOLAS Amendments 2000. International Maritime Organization, London, UK, ISBN 92-801-5110-

X. 
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precautionary evacuation will be thoroughly considered before it is initiated. In such situations, 

the time used in the evacuation process will not be critical and a typically precautionary 

evacuation scenario will be to direct the ship ashore and to abandon ship there, or to proceed 

to an anchorage where the respective damages (if any) can be assessed. 

 

The characteristics of an emergency evacuation are much more different from that of a 

precautionary evacuation. In such circumstances the overall objective will be to muster as 

quickly as possible and to abandon the ship before it is too late. Failure to evacuate people 

in time will be fatal and the time spent escaping from the ship will be crucial. Such evacuations 

will typically only be carried out in case of a serious incident, such as an explosion with 

subsequent water ingress, or a fire that has escalated and run out of control. The focus of the 

current document will be to construct evacuation scenarios describing emergency 

evacuations in these different situations. 

 

Finally, it should be argued that in a MEE situation analysis it is not possible to take every 

thinkable accident scenario into account. After all, this is not necessary to derive explicit use-

cases for the PALAEMON pilot activity. Our effort started from the long-term vision of the 

PALAEMON response in the generic case of the collision of a passenger ship with another 

vessel that results in the abandonment of the passenger ship (provided in a previous project 

Deliverable36 and summarized in an online document37) that is attached to this Deliverable). 

However, the objective here is rather to identify operational scenarios that will allow for testing 

the system’s components and for providing proof of its overall functionality in the context of 

pilot applications that will conclude the project. So a set of evacuation scenarios that are 

thought to be most relevant for the PALAEMON piloting needs have been developed and are 

presented in the following. The scenarios correspond to three types of accident cases, i.e. an 

explosion scenario, a fire scenario and a collision scenario.  

All Reference Scenarios follow a methodological template which is shown in the Table below. 

 

 

 

 

 

 

 

 

 

36  PALAEMON D2.2, 2020, First version of PALAEMON Requirements Capture Framework 

37  PALAEMON WP2 Evacuation Scenarios v2.2 See: 

https://drive.google.com/file/d/1oLx100pTv_46_VW53EA2i6-T1Gt9f2B9/view?usp=sharing | Sheet D2.2 

 

https://drive.google.com/file/d/1oLx100pTv_46_VW53EA2i6-T1Gt9f2B9/view?usp=sharing
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