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preamble 

Under the impact of a series of events involving large 
number of fatalities on passenger ships, the 
International Maritime Organization (IMO) has 
developed regulations for new and existing passenger 
ships, including ro-ro passenger ships, requiring escape 
routes to be evaluated by an evacuation analysis 
described in IMO's Circular MSC 1238/2007, entitled: 

 

[1] I.M.O.: Guidelines for evacuation analyses for new 
and existing passenger ships, 30 October 2007. 

MSC: Maritime Safety Committee 
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preamble 

[1] I.M.O.: Guidelines for evacuation analyses for new and 
existing passenger ships, 30 October 2007. 

ANNEX 1: Guidelines for a simplified evacuation 
analysis for new and existing passenger ships 

 

ANNEX 2: Guidelines for a advanced evacuation  

analysis for new and existing passenger ships˟ 

˟: Advanced evacuation analysis is taken to mean a computer-
based simulation that represents each occupant as an individual , 
that has a detailed representation of the layout of a ship and 
represents the interaction between the occupants and the layout. 
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preamble 

[1] I.M.O.: Guidelines for evacuation analyses for new and 
existing passenger ships, 30 October 2007. 

ANNEX 3: Guidance on validation/verification of 
evacuation simulation tools according to ISO/TR 13387-
8:1999. 

 

There are at least 4 forms of verification that evacuation models 
should undergo: 

1. component  testing 

2. functional verification 

3. qualitative verification  

4. quantitative verification 
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preamble 

It is worth mentioning that, although the evacuation scenarios in [1] address 
issues related to the layout of the ship and passenger demographics, they do 
not address issues arising in real emergency conditions, such as unavailability 
of escape arrangements (due to flooding or fire), crew assistance in the 
evacuation process, family-group behavior, ship motions, etc. To heal such 
deficiencies, [1] adopts the mechanism of safety factors. 

 

Much effort has been devoted to the development of sophisticated models 
for performing advanced evacuation analysis of passenger ships. As a result, 
around twenty such models and tools are available as reported in: 

 

 

• Lee, D., Kim, H., Park, J.H., Park, B.J.: The current status and future issues in human 
evacuation from ships. Safety Science 41(10) (2003) 861-876. 

• Kim, H., Park, J.H., Lee, D., soon Yang, Y.: Establishing the methodologies for human 
evacuation simulation in marine accidents. Computers & Industrial Engineering 
46(4) (2004) 725-740. 
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evacuation-tool review 

• AENEAS: a fast-performing simulation tool, 
allowing for large passenger populations. 

 

Valanto, P.: Time-dependent survival probability of a 
damaged passenger ship ii - evacuation in seaway and 
capsizing. Technical Report 1661, Hamburg, HSVA 
(2006). 
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evacuation-tool review 

• Maritime-EXODUS: a customization of the 
evacuation platform EXODUS that makes use 
of proprietary trial data for the behavior of 
passengers under conditions of list and heel. 

 

Galea, E., Lawrence, P., Gwynne, S., Sharp, G., Hurst, N., 
et al, Z.W.: Integrated fire and evacuation in maritime 
environments. In: Proc. of the 2nd Intern. Maritime 
Conf. on Design for Safety, Sakai, Japan. (2004) 161-
170. 
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evacuation-tool review 

• IMEX: a ship evacuation model combining 
dynamics and human behavior model. 

 

Park, J., Lee, D., Kim, H., Yang, Y.: Development of 
evacuation model for human maritime casualty. Ocean 
Engineering,  31(0) (2004) 1537-1547. 
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evacuation tool review 

• Evi: a multi-agent evacuation simulation 
software package, utilizing the mesoscopic 
approach. 
 

Vassalos, D., Kim, H., Christiansen, G., Majumder, J.: A mesoscopic model for 
passenger evacuation in a virtual ship-sea environment and performance-
based evaluation. In: Proc. of Conf. on Pedestrian and Evacuation Dynamics, 
Duisburg (2001). 

 

Vassalos, D., Guarin, L., Vassalos, G., Bole, M., Kim, H., Majumder, J.: 
Advanced evacuation analysis - testing the ground on ships. In: Proc.  of 
Conference on Pedestrian and Evacuation Dynamics, Greenwich. (2003) 
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evacuation-tool review 

• EVAC: a mustering simulation program that 
adopts the microscopic approach and utilizes 
data and knowledge stemming from EU-
funded projects. 

 
Drager, K., Orset, S.: Evac - the mustering and evacuation 
computer model resulting from the Brite-Euram project 
mepdesign. In: Proc. Conf. on Pedestrian and Evacuation 
Dynamics, Duisburg. (2001) 355-368. 
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evacuation-tool review 

• BYPASS: a simple cellular-automaton based 
model. 

 
Klupfel, H., Meyer-Konig, M., Wahle, J., Schreckenberg, M.: 
Microscopic simulation of evacuation processes on passenger 
ships. In: Theoretical and Practical Issues on Cellular Automata. 
Springer (2000) 63-71. 
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VELOS (Virtual Environment for Life on Ships)  

 
A multi-user Virtual Reality (VR) system with passenger- 
and crew-activities assessment functionality for both 
normal and hectic conditions. 
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• ship evacuation 
• crew ergonomics & training 
• passenger comfortability 

 
VELOS application areas  

 



VELOS structure 

VELOS is based on VRsystem, a generic multi-user 
environment, with functionalities including:  
 

– geometric and VR modeling  

– crowd microscopic modeling  

– interface to simulation packages (ship-motions,  

                                                                fire effluent)                    

– networking support   
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 VRsystem architecture 

 

 

 

 

 

 

 

 



geometric & topological modeling 

Space connectivity information, required for evacuation 
simulation is provided in VELOS through a topological 
structure, attached to ship's geometrical model.  

 

A graph G (V;E), referred to as the space graph,  is 
created with V/E denoting the set of nodes/edges of 
the graph.  

• V comprises spaces, e.g., public spaces, cabins and corridors 

• E consists of the architectural and outfitting means 
used for connecting the aforementioned spaces, e.g., 

doors, staircases and elevators.  
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geometric & topological modeling 
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geometric & topological modeling 

The space graph is materialized through an interface 
comprising two viewports, the RenderView and the                         
GraphView 
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geometric & topological modeling 

Both viewports provide space graph with creation and 

editing capabilities, but adopt 2 different approaches. 

 

RenderView enables the user to create the graph by 
working directly on the geometrical model, covering 
each space with a transparent box or a collection of 
transparent boxes …  
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geometric & topological modeling 

… in the sequel, by simply drawing line segments 
connecting the constructed boxes, the user creates 
connections between them    

 

 

 

 

 ↑ the above construction automatically generates in 
GraphView an abstract representation of the space 
graph using spheres and rods  
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crowd modeling  

The motion behavior of an agent is better understood 
by splitting it into 3 separate levels: 

• 1st level: action selection 

• 2nd level: steering  

• 3rd level: locomotion  
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crowd modeling  

 1st level: goals are set and plans are devised for the 
action materialization. Agents’ autonomy is powered 
by an artificial intelligence structure, referred to in 
the pertinent literature as mind. 

 2nd level: steering level determines the actual 
movement path  

 3rd level: locomotion provides the articulation and 
animation details. 
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crowd modeling  

The mind utilizes a collection of simple kinematic 
behaviors, called steering behaviors.  

 

• Each of these behaviours contributes an individual 
steering vector, which is being exploited by agent’s 
mind for calculating at each time frame the agent’s 
steering vector.  

• For each new time frame agent's velocity vector is 
computed by adding the previous velocity vector to 
the mind-calculated steering vector.   
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crowd modeling  

1. Compute steering vector f(t)=Σwifi(t) where wi are 
weights and fi are the individual steering vectors 
from each simple behavior included in agent's mind. 

2. New velocity is computed as: 

       V(t+Δt)= c(t)(V(t)+f(t)) 

       c(t) = min{umax/(| V(t)+f(t)|,1} 

 where umax is the agent's maximum allowable velocity. 
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crowd modeling  

In mind modeling we employ two different approaches 
for the steering vector calculation.  

 

• 1st approach: the steering vector is calculated as a 
weighted average of the individual ones.  

 

• 2nd approach: priority blending, is an enhanced 
version of the simple priority mind proposed in: 
Reynolds, C.W.: Steering behaviors for autonomous characters. 
In: GDC'99 (Game Developers Conference) 
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crowd modeling  

So far almost 20 such behaviors have been 
implemented:  

• seek  

• arrive 

• pursuit 

•  flee 

• evade 

• offset{seek, arrive,  pursuit, flee, evade} 
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crowd modeling  

• leader follow 

• separation 

• obstacle avoidance & containment  

• inclination 

• wander 

• path-following  

• cohere & align 
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seek  
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• Seek is a very basic and at the same time a very simple 
behavior. Its aim is to move a vehicle towards a specified 
target position with constant speed. Seek behavior adjusts 
the vehicle so that its velocity is radially aligned towards the 
target.  

• The vehicle will possibly pass through the target and then turn 
back to approach again. Thus the motion produced is a bit like 
a moth buzzing around a light bulb.  

• This does not pose any problem if the target moves 
intermittently but it is rather unnatural if the target is 
stationery or almost stationery. For handling such cases Arrive 
behavior is more suitable.  



seek 
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(A)  Vehicle (sphere) in position V 
with current velocity v is equipped 
with mind and Seek behavior and 
has as its target the box in position 
T.  
 
(B) Firstly, vector T − V (distance 
vector) is computed.  
 
(C) (T − V) + (-v) is the direction of 
force vector f.  

 
(D) Force vector’s magnitude is 
clipped (if needed) to the maximum 
allowed and   
 
(E) f and v are added to form 
vehicle’s new velocity new v. 

 
(F) Ultimately the vehicle will follow 
the green trajectory to its target T. 



wander  

- 30 - 

Vehicle V at time-frame t has as its target position m_seekPoint. A random 
vector of length ≤ m_rate is added to m_seekpoint. The intersection of 
(m_seekPoint+random vector)−V with the circle of radius m_r is computed 
and for the frame t + dt the new m_seekPoint (intersection point) will be 
vehicle’s new target position. 

• constrain the steering force to 
the surface of a sphere (circle) 
located slightly ahead of the 
vehicle. 

• to produce the steering force 
for the next frame: a random 
displacement is added to the 
target position, and the sum is 
again constrained to the 
sphere’s surface (sphere 
projection).  

• The sphere’s radius determines 
the maximum magnitude of 
the wandering force while the 
magnitude of the random 
displacement determines the 
wander rate.  



cohere  
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in Cohere implementation a neighbor-
hood is defined with the aid of a radius 
parameter.  
 
all vehicles found within this neighbor-
hood will be used for Cohere calcula-
tions.  
 
the positions of these vehicles repre-
sented as base vectors are summed up 
and their sum divided by the number of 
vehicles in neighborhood.  
 
the resulting position is the center of 
vehicle’s point masses and the target 
for our vehicle.  
 
 

 The resulting steering force is   calculated as in 
the case of Seek behavior.  



leader  follow  
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(A1) we see the “circular” 
follower (vehicle V and the 
“rectangular” leader (vehicle L).  
V wants to move behind L and 
for accomplishing this, a virtual 
leader is constructed behind L.  
 
using L’s local coordinate system 
we offset its position, where 
m_followDistance is the corres-
ponding Leader Follow behavior 
parameter.  
 
the offset position is the position 
of virtual leader that is used as 
target in Arrive behavior applied 
in (A2). 
 
(B1) Vehicle V is now found in 
front of Leader L (it is located 
within the gray circular section, 
defined by L’s local x − axis and 
an angular parameter) and 
 
 (B2) computes its distance (dy) 
from L’s local x − axis and when 
multiplied by a parameter a : a > 
1 sets its new target position ⊗. 



obstacle avoidance  
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Vehicle V and 3 obstacles’ 
bounding circles. Red 
obstacle is behind,  
Rg + Rv) < Cgp − V  and 
thus green obstacle is also 
ignored. The remaining blue 
obstacle is our “threat”. 



obstacle avoidance  
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obstacle avoidance (cont’d)  
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separate (full neighborhood)  
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(A) Vehicle V, equipped with mind 
and Separation behavior, surrounded 
by vehicles Vb,Vr,Vg and Vm. 
Separation behavior’s neighborhood 
(or active area) is within the circle of 
neighborhood radius.  

 
(B) For each vehicle within 
Separation behavior’s active area 
repelling forces are calculated that 
are then… 

 
(C) added to form a single force 
(steering vector) which… 

 
(D) changing V’s current velocity 
imposes the gray trajectory. 



separate (oriented 
neighborhood)  
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(A) Vehicle V, equipped with mind 
and Separation behavior, surrounded 
by vehicles Vb,Vr,Vg and Vm. 
Separation behavior’s neighborhood 
(or active area) is within the circle of 
neighbor-hood radius.  
 
(B) For each vehicle within neighbor-
hood and in front of V (in front of: 
intersection of the circular disc with 
the positive x-subspace, defined by 
the local coordinate system of V), 
forces are calculated that are then…  
 
(C) added to form a single force 
(steering vector) which (D) changing 
V’s current velocity imposes the black 
trajectory.  



inclination behavior 

Advanced evacuation analysis in VELOS is combining the 
availability of ship motion data with the so-called inclination 
behavior that has been introduced, as a first layer, for 
considering the effect of ship motion on agent's movement.  

 

Precomputed ship-motion history is imported in VELOS 

through a suitable series of interfaces.  

 

Inclination behavior resembles in definition and effect the 
influence of a gravity field that would hinder agent motion 
accordingly.  
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inclination behavior 

Specifically, we consider a static global force-vector 𝒈 
normal to deck's plane in the upright position of the 
ship. If the deck deviates from its upright position (i.e., 
non zero heel, and/or trim, angles), the projection of 𝒈 
on it will obviously acquire a non-zero value   𝒈𝒑 which 

forms inclination's steering vector as follows:  

𝒇𝒊 =  λ(φ) 𝒈𝒑 / 𝒈𝒑  

where λ(φ) is an appropriate weight function depend-
ing on the angle φ formed between g and the normal 
to the deck plane. 
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inclination behavior 

• inclination behavior is active when φ  lies between two 
threshold angles: the lower threshold is used to discard plane 
motions with negligible effect on agent's motion, while values 
above the upper threshold lead to movement inability, as the 
limit of agent's balancing capabilities is surpassed. 

 

•  Threshold angles and the weight function λ(φ) are denied via 
experimental data; see, e.g.,  

 
Bles, W., Nooy, S., Boer, L.: Influence of ship listing and ship motion on walking speed. In: Proc. of 
the Conf. on Pedestrian and Evacuation Dynamics. (2001) 

Crossland, P.: The inuence of ship motion induced lateral acceleration on walking speed. In: Proc. 
of the 2nd Intern.  Conf. on Pedestrian and Evacuation Dynamics, Greenwich. (2003) 
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motion induced interruptions (MIIs) 

During certain weather conditions, walking and even 
more working in the ship becomes difficult and even 
the most experienced sailors will experience events 
where they: 

•  must stop their activity, be it a specific task or 
merely standing, and  

• take suitable measures to minimize the risk of injury, 
or more generally  

• change their stance so that balance can be retained 

these events are called motion-Induced Interruptions 
(MIIs).  
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motion induced interruptions (MIIs) 

During certain weather conditions, walking and even 
more working in the ship becomes difficult and even 
the most experienced sailors will experience events 
where they: 

•  must stop their activity, be it a specific task or 
merely standing, and  

• take suitable measures to minimize the risk of injury, 
or more generally  

• change their stance so that balance can be retained 

these events are called motion-Induced Interruptions 
(MIIs).  
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motion induced interruptions (MIIs) 

•  𝜂1 (surge), 𝜂2 (sway), 
and 𝜂3 (heave) stand 
for the translational 
while  
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• 𝜂4 (roll), 𝜂5 (pitch) and 𝜂6 (yaw) stand for the 
rotational components of ship motion along the x-, 
y- and z- axis of the ship- coordinate system. 

 

 



motion induced interruptions (MIIs) 

denotes the displacement of a point 𝑷(𝑥, 𝑦, 𝑧) . 
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𝑫 =(𝐷1, 𝐷2, 𝐷3) = (𝜂1, 𝜂2, 𝜂3) + (𝜂4, 𝜂5, 𝜂6) x (𝑥, 𝑦, 𝑧)  

l, h and d denote the half-
stance length, the vertical 
distance to person's center 
of gravity and half-shoe 
width  

• l/h ϵ (0.20; 0.25)  

• d/h ϵ (0.15; 0.17). 

 



motion induced interruptions  
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• Baitis, A.E. et al: 1991-1992 Motion Induced Interruptions (MII) and 
Motion Induced Fatigue (MIF) experiments at the Naval Biodynamics 
Laboratory. Technical Report CRDKNSWC-HD-1423-01, Bethesda, MD: 
Naval Surface Warfare Center, Carderock Division. (1995) 

• Graham, R.: Motion-induced interruptions as ship operability criteria. 
Journal of Naval Engineers 102(2) (1990) 65-71 

• Graham, R., Baitis, A.E., Meyers, W.: On the development of seakeeping 
criteria. Journal of Naval Engineers 104(3) (1992) 259-275 

 

have proposed the following relations for the consideration of tips to port or 
starboard. Specifically, a tip to port will occur if: 

𝑻𝑳𝑨𝑻𝒑 =(1/g) (𝜼𝟒 - 𝑫𝟐
 -g 𝜼𝟒 - (l/h) 𝑫𝟑

 ) > l/h 



motion induced interruptions  

- 46 - 

𝑻𝑳𝑶𝑵𝒂=(1/g) (𝑫𝟏
 +(1/3)h𝜼𝟓 -(d/h) 𝑫𝟑

 )>l/h 

… and analogously for tip to starboard. 

• similarly, the following tipping coefficients can 
be derived when considering tips to the aft  
part of the ship: 

and analogously for tip to fore 



motion induced interruptions  
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• Taking into account the above discussion concerning 
tipping coefficients, the effect of ship motions on 
passenger movement is implemented in the 
following way: 

 

1. Adjustment of the maximum allowable  velocity 

𝑢 𝒎𝒂𝒙 according to the following rule: 

𝒖 𝒎𝒂𝒙 =k(LAT,LON)𝒖𝒎𝒂𝒙, where 0≤k(LAT,LON)≤ 1 
is a bilinear function.  



motion induced interruptions  
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color-plot of k-coefficient  



motion induced interruptions  
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2. Adjustment of 𝒘𝒊 weight values in computation of 
the steering vector. A typical scenario would include a 
10% increase of the wander behavior contribution and 
a corresponding decrease in Obstacle Avoidance and 
Separation contribution. 

 

3. Adjustment of the parameters of each individual 
steering behavior. 



higher-order steering behaviors   

• passenger grouping  

• crew assistance 
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passenger grouping in VELOS is based on the 
enhanced-cohere behavior which constitutes an 
enhancement of the standard cohere behavior, that is 
responsible for keeping together agents that are 
geometrically close. 



enhanced-cohere behavior 

• ... is responsible for keeping together agents that are 
not only geometrically close to each other, but also 
belong to the same group, e.g., a family, a crew 
guided group. 

• Each agent is endowed with an ID and the new 
velocity vector of every agent is obtained by applying 
the standard cohere calculations on the subset of 
the neighboring agents that belong to the same 
group. 
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grouping levels 

• grouping level-0: formed indirectly, via a common 
short-term target for the “group” members, as, e.g., 
followers of the same leader, or through the usage of 
the standard cohere behavior. 

 
• grouping level-1: The members of the group are 

endowed with an ID and the enhanced-cohere 
behavior. Group cohesion is maintained only among 
nearby agents (within standard cohere’s 
neighborhood) sharing a common ID.  

- 52 - 



crew assistance 

• crew-assistance behavior in VELOS is offered 
by affecting the mind mechanism in two ways: 

– either by using Triggers or  

– via the Guide Operation. 
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A Trigger is a scene object and at the same time a scene area 
(Neighborhood or TN) that, when visited by a passenger agent, a 
prescribed list of actions or property changes are applied to the 
agent.  
Example: if passenger density at the chosen TN exceeds a prescribed limit,  an 
action enables the crew agent to redirect passengers towards the closest 
muster station along a path different from the main escape route 

Guide Operation is materialized through the enhanced-cohere 
behavior, and the basic leader-follow behavior.  
A Guide-Operation example could involve a crew member that is ordered by 
the officer in charge to guide a group of passengers from a specific site to the 
closest muster station along a path different from that provided by the 
evacuation plan 



generic test 

• scenario: 70 persons are located in room A. Population 
demographics are as proposed by International Maritime 
Organization (IMO) Guidelines. Room D is considered as 
the muster station. Total time required for all persons to 
reach room D is recorded.  
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generic test: case-1 (no crew assistance) 

• Persons move from room A to room D using the main 
escape route. 

• Implementation: assignment of the escape route to 
agents’ path-follow behavior. Crew assistance 
functionality is inactive. 
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Output: Significant queue 
appears in the exit of 
room A. Total time 
needed for all persons to 
reach room D is 203 s. 
 



generic test: case-2 (crew assistance via 
Trigger) 

• Crew assistance is active 

• Implementation: a crew member (static Trigger) is located at 
the exit of room A and monitors congestion (> 5 persons/m2). 
Whenever congestion occurs the Trigger directs persons 
towards an alternative exit. Persons directed to the upper exit 
of room A are deprived of their Path-Follow behavior and 
proceed to the room D through successive signs.  

- 56 - 

Output: Both escape routes 
are used. Total time needed 
for all persons to reach 
room D is 153 s. 

StaticCrew.avi


generic test: case-3 (Crew Assistance via 
Guide Operation) 
• Crew assistance is active 

• Implementation: A crew member, marked with grey color, 
plays the role of leader and undertakes the mission to guide a 
subgroup of persons (marked by white color) to room D via 
the upper (secondary) escape route. These persons 
(followers) are considered as a group of Level 1. Leader-
Follow behavior is combined with Passenger Grouping 
functionality.  
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Output: Total time needed 
for all persons to reach 
room D is 114 s. 

LeaderFollow70.avi


ship test 

• One hundred passengers are located in the cabins of Deck 5 
of the after vertical zone of a ship, while Muster Station is 
located on Deck 7. Population demographics are as 
proposed by IMO. For every simulation run we distribute 
randomly the population in the aforementioned areas. 
Three scenarios are tested. 

• For each run the cumulative arrival time, corresponding to 
the percentage of passengers reaching the Muster Station 
for each time unit, is recorded 
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ship test: scenario-1 

• Passengers follow the designated escape route without crew 
assistance 
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ship test: scenario-2 

• Passengers are directed by two crew members to follow two 
distinct routes 
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ship test: scenario-3 

• A crew member monitors passengers’ density at a specified 
place and, whenever congestion is likely to arise, he redirects 
a group of passengers towards a secondary escape route 
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ship test: comparative results 
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Average cumulative arrival time for Scenarios 1, 2 and 3 



ship-test conclusions 

• Crew-assistance based Scenarios -2 and -3 achieve a 
considerably better performance compared to 
Scenario-1.  

 

• Between Scenarios -2 and -3, the latter is marginally 
better as a result of the dynamic crew-assistance 
policy adopted.  
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current & future work 

• improve the agent model in VELOS so that 
ergonomic indices, associated with the standard 
crew operations on the bridge and the engine room, 
can be reliably estimated. 

 According to IMO: “… statistically, the engine-room is the most 
dangerous area on a ship. An efficiently operated engine-
room, with appropriately located control for pumps, power 
and propulsion, is also vital for co-ordinated response. 
Therefore, it stands to reason that a well-designed engine-
room will be inherently safer and will consequently contribute 
to a higher overall safety standard” 
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current work on the influence of  
smoke, heat and toxic fire products 

VELOS offers the possibility to model a fire event during 
evacuation process by permitting passengers/crew to be 
influenced by smoke, heat and toxic fire products that are 
present in fire effluent. This is achieved by: 

1. Importing precomputed time-series of fire products, according 
to different methods for calculating fire growth and smoke 
spread in multiple compartments; see, e.g.: 

 
Rein, G., Barllan, A., Fernandez-Pell, C., Alvares, N.: A comparison of three 
models for the simulation of accidental fires. Fire Protection Engineering 1 
(2006) 183-209 

McGrattan, K., Klein, B., Hostika, S.: Fire Dynamics Simulator. NIST. (2007) 
Maryland: NIST Special Publication 1019-5. 
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current work on the influence of smoke, 
heat and toxic fire products 

 

2. setting the time of fire or explosion (before, 
simultaneously or after the evacuation starting time), 

 

3. modeling the influence of fire products on the 
behavioral model of agents with the aid of the  
Health_Index HI(t) function and  

 

4. visualizing the fire products in the synthetic world. 
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current work on the influence of smoke, 
heat and toxic fire products 

 

Step 3: Health_Reduction_Rate function as follows: 

𝑯𝑹𝑹(𝒕) = F 𝒂𝑻 𝒕 + 𝒃𝑪𝑪𝑶 𝒕  health-units/sec 

 

where 0 ≤ F ≤ 1 describes the used functional model, 
𝑻 is the temperature (℃) and 𝑪𝑪𝑶 the carbon monoxide 
concentration (ppm) of the space where the agent is at 
the time 𝒕. 
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current work on the influence of smoke, 
heat and toxic fire products 

Step 3: Health_Index function : 

𝑯𝑰(𝒕) = 1- F 𝒂𝑻 𝝉 + 𝒃𝑪𝑪𝑶 𝝉 𝒅𝝉
𝑡

0
 

where, we have assumed that the initial health index of 
all agents is 1= 𝑯𝑰(𝒕 = 𝟎). When: 

•  𝑯𝑰 𝒕 =0 for an agent, the corresponding agent is 
considered dead.  

• 𝑯𝑰 → 𝟎 for an agent, this also affects, by a suitable 
law, its maximum speed (ability of walking). 
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current work on the influence of smoke, 
heat and toxic fire products 

Function-space-availability: In a typical ship evacuation 
simulation, the path-finding module of VELOS computes the 
required path for each passenger to reach their designated 
muster station from their initial position.  

 

The employed algorithm is Dijsktra's shortest path algorithm 
and is applied on ships topological graph where nodes 
correspond to ship spaces and edges to doors and/or passage 
ways.   
 

Dijkstra, E.W.: A note on two problems in connexion with graphs. Numerische 
Mathematik 1 (1959) 269-271  
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current work on the influence of smoke, 
heat and toxic fire products 

edge weighting between two connected nodes, in the simplest 
case, corresponds to the walking-distance between the two 
spaces' center points while this weighting scheme becomes 
more complex when space availability is considered. 

 

Specifically, ship spaces availability is connected and contribute 
to the edges' weighting implemented on the topology graph of 
ship spaces. For example, an increase of ambient temperature 𝑻 
or 𝑪𝑪𝑶 concentration, or a visibility decrease in a certain space 
results in an increase of the weighting factors of the edges 
connected to the graph node representing this space.  
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current work on the influence of smoke, 
heat and toxic fire products 

Consequently, paths passing through this particular space are 
less possible to be chosen by the path planning algorithm. 
Furthermore, when going beyond certain temperature 𝑻  
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or 𝑪𝑪𝑶 concentration and 
visibility thresholds, the 
corresponding space(s) is(are) 
rendered unavailable, i.e. 
removed from the topological 
graph. 



current & future work 

 

 

• materialize grouping-level 2: The members of the 
group are endowed with the same properties as in 
level 1 and moreover at least one member (e.g., the 
group leader) has the responsibility of checking 
group’s integrity. 
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current & future work 
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• enrich the steering-behaviors model with dynamics 
so that VELOS can achieve more realistic passenger 
movement by taking into account the motion and/or 
inclination of the ship. 
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Thank you for your attention! 

 

 

any questions? 
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