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Abstract

The andysis of evacuation processes onboard passenger ships has attracted increasing
interest over the last years. Some of the approaches utilize so cdled flow modds. Cd-
luar Automata (CA) modds widdy used for traffic Smulations, on the other hand
provide a more naturd approach towards pedestrian dynamics. Two mgor difficulties
are intrindc to the problem: two-dimensond movement of pedestrians and the com-
plexity of psychologicad and socid influences In this paper a smple CA-modd for
the description of crowd motion is presented and its implementation in a smulation
software outlined. The application to mustering and evacuation processes gives hint
on how they might be optimized. However, the vdidity of the assumptions and the
scope of the gpplications will have to be scrutinized by comparison with detailed an-
pirica datafrom actud drills or evacuations, asfar as available.

1. Introduction

Tragic ferry disssters in the past have shown the need for improved safety-standards
in the shipping industry. Because of the huge numbers of passengers carried on ships
a the same time and the unforgivable environment they modly sal in, smdl accidents
can quickly result in big casudty numbers An effective evacuationprocedure should
therefore be mandatory. But what will happen, if two thousand or even more people
move through a ship, try to gather their belongings or related persons and to get out?
Where do the bottlenecks occur? With which effective solutions can congestions be
prevented? There are many questions that arise, when the evacuation-concept of a
ship has to be evauated and descriptive caculation methods are not able to handle the
complexity of the problem in aholistic gpproach.

In this essay, an overview of the work that is done within the BYPASS project is
given. It garted in October 1999 at the research group Physics of Transport and Traf-
fic headed by Prof. Dr. Michael Schreckenberg at the Gerhard-Mercator-University in
Duishurg/Germany. The am of BYPASS is to further develop the Cdlular Automaton
mode formerly developed in Tim Meyer-Konig's student research project and to sup-
port the IMO (International Maritime Organization) in establishing guiddines for the



ue of amulations for the safety-assessment of passenger ships [1]. The longterm god
is to develop a smulaiion modd which dlows quick and effective usage in the de-
Sgn-process of passenger ships. Partners are the German ministry of transport build-
ing and housing (BMVBW), the Germanischer Lloyd and the shipyards Meyer-Werft
and Flensburger Schiffbau Gesellschaft.

2. Different shipsrequire different evacuation procedures

The variely of passenger vessals seems nearly endless. For classfication they are
therefore divided into the following three groups. High Speed Passenger Craft (HSC),
RoPax- and cruiseships. The exact definition for each type can be found in the gppro-
priate IMO regulations[2].

Figure 1: Fctures of atypica HSC, a RoPax-Ferry and a cruisdiner (pictures: author,
Jos. L. Meyer shipyard).

Depending on the group that a ship belongs to, the type of the evacuation procedure
varies. Because the generd layout of a HSC is farly smple and the passengers are
seeted in rows (jugt like in an arplane), it is unlikdy that they will be soread dl over
the vessel in an emergency dtuation. The evacuation drategy is therefore very
draghtforward: After the liferafts have been deployed, the passengers will take ther
lifevests from beneath their seats and leave the ship viathe dides.

The procedure is totaly different with big RoPax- and cruiseships, because people can
have cabins and are able to linger on many public places al over the ship. In case of
an evacuation, they have to retrieve their vedts in the cabins or at centra digtribution
points, gather a muster dations and walk on to the embarkation Stations were they
findly leave the ship. Everybody can imagine what will hgppen on a cruisdiner where
one hdf of the passengers is seated in the restaurant while the other hdf dts in the
theatre and the evacuation Sgnd is given. Unfortunately imagination is not sufficient
for prediction of the possible result.

3. Model assumptions

The god was to develop a modd that is cgpable of smulating the various evacuation
procedures that can occur in buildings and onboard ships, arcraft, or other kinds of
public transportation sysems. The basic idea was to smulate the behaviour and
movement of every single person involved, which is caled a microscopic approach.
To increase amulation speeds, a Celular Automaton (CA) modd was chosen with a
minmum set of parameters per person to characterise her behaviour:

- the maximum walking speed,
- the patience before she chooses an dternative god, if her way is
blocked by congestions,



- afactor that characterizes the visud perception of her environment,

- thedday time, during which she will wait before sarting to evacuate,

- a dawdle probability with which she will stop for one timestep, to Smu-
late breaks for regeneration or orientation, and

- afactor that characterises the inertia of the persons movemen.

The reduction of the parameters to this list is possble, because these are the factors
that findly characterize the movement from a physcad point of view. Attributes like
age, gender and samina eventudly take effect on, eg., the walking speed. As a result
of these amplifications, the smulations can be done on standard computers with very
high calculation speeds (about 10.000 persons in red-time on a 500 MHz PC with
128 MB RAM). It is therefore possble to predict evacuations in a very short time
which will dlow online-smulations for big crowds in near future. By vaying the pa-
rameters, the smulation can be adapted to any demographic vaues.

The floorplan of the dSructure to be assessed is transformed into a grid of quadratic
cdls with an edge-length of 0.4 meters. One person thereby occupies one cdl. This
derives from the maximum dengty in crowds, when the movement reaches a stop [ 3].

Figure 2: Example for the discretization of the floorplan.

Each cdl contans different pieces of information, depending on the way it influences
the person standing on it. If it is not accessble, it represents an obstacle like a wal or
furniture. Others influence the speed of the persons waking over them, so dairs and
doors can be consdered. To change the decks (eg., a dairs), cels are implemented,
that cause the person standing on them, to jump to the next upper or lower leve. In
this manner, the floorplan of complex sructures can be moddled in a very smple

way.

The discretizetion and the celsze often lead to discussons. The man argument
agang the usage of cdls is the exduson to take smdl vaiaions in the width of
e.g., corridors (or doors) into account. On the other hand, a person has a discrete size,
0 it seems very unlikely, that the functiond relation between corridor-width and flow
is linear. When this article was written, members of the BYPASS Project started doing
research on this fundamentd topic. In a doorway, the flow is measured, while the
door-width will be varied in steps of ten centimeires. Tests are dso plamed for corri-
dorsand dairs.

Depending on her maximum walking speed and the surrounding obstacles, a person
will move from one cel to the next adjacent (via the corners or the edges). She
thereby tries to avoid others and to maintain her maximum walking speed. Because



the persons can move through more than one cdl per time-step (one second), a paral-
ld update was reected, and an improved random sequentid-update was chosen.
Hereby, the amplicity of a sequentid-update was maintained, while the dynamics of
the pededtrians is smilar to a parale update for speeds of more than one cel per
timestep. Jamwaves can therefore clearly bee seen in corridors with periodic boundary
conditions. The basic procedureis shown in Figure 3:
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Figure 3: The basic update-dgorithm.

4. Orientation

The problem concerning the orientation of a person is the globa route-choice. It is
easly taken into account, that a person evades obstacles and other pededtrians, but the
way she chooses where to go and how to get there is the decisve problem. In a first
gep, the information of which way a person had to wak to reach the exit was imple-
mented by s0 to speak arrows in the cdls that pointed into the direction a person had
to wak. In the currently developed new approach, the route-informetion is given by a
potentid. This means, that only the god-cdls have to be marked. The potentia then
automaticaly spreads from one accessible cedl to the following and by this throughout
the whole dructure. By a smoothening dgorithm it adapts to the architectura circum-
gtances, s0 persons following it will not stick to one sde of a corridor, just because
they want to bend off at the end of it fFigure 4). Next to these route-potentias, wall-
potentids can be added, which influence the way, people react on walls. They can
dther “push” people away or “pull” them towards obstacles. The last would be the
case in eg. bad vighility, when people tend to walk aong walls and do not step into

wide spaces.
e £

Figure 4: 1so-potentia-lines in a hooked corridor, spreading from the bottom-left (1eft)
and aresulting possible path (right).

Because the evacuation-route of a person in a RoPax- or cruiseship can contain many
different waypoints (eg. cabins, muderdations, lifeboats), three different kinds of
potentials where developed. The only difference between them lies in the behaviour of



the person who reaches the source-cdls. Every potential has its own lig of possble
following goals, out of which a person reaching it can choose.

Cabin-potentids are used for marking corridors. A person reaching these kind of cels
will day on them for a given individud time, before choosing a new goa out of the
lig. This resembles the behaviour of passengers reaching their cabins and getting their
lifevest. On the other hand, cabin-potentids can be used as smple waypoints, when
the duration of Stay is set to zero, o evacuation-routes can be marked by them.

Reaching a musgtering potentid, the behaviour of a person will change into a random:
walker. This resembles passengers, who are gathering on the assemblystation. How-
ever to dlow the following people to step onto the musterstation, she does not just
sop waking, but randomly moves on, staying on the gppropriate cdls. After a given
blocking-time has passed, the people on the musterstation-cells are forwarded to the
folowing goas (modly the exits), while the new arivds have to dat wating. This
process is repeated in given interval-times, after the firs blocking-time has passed.
The result of this behaviour is equa to the mugtering process: As long as the lifeboats
are being prepared, the passengers will be assembled and afterwards led on towards
the embarkation stations.

The procedure of embarking into the lifeboats is smulated by the rescue-potentids.
They are blocked for a given time (preparing the lifeboats) and after that, the people
reaching them have to wait for a cetan egress-time before they get rescued. In this
egress-time, the dday for entering a lifeboat or diding on a marine evacuation system
(MES) are taken into account. Throughout the smulation, the people which have been
rescued per exit are counted and if the maximum capacity is reached, the belonging
potentid is switched of. Through this the remaining passengers have to be directed
towards the other exits.

By dividing passengers into groups (eg., having cabins on the same corridor) and
usng vaious of the mentioned potentias to mark ther possble gods, various route
choices become possible, and thereby the Stuation of a big RoPax- or cruiseship get-
ting evacuated can be matched (Figure 5).
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Figure 5: The possible actions of one arbitrary passenger.

5. Characteristics of the modél

Decisve for the character and closeness to redity of a mode for smulating pedestri-
ans ae the flow-densty-reations it provides. Once again, a Smple method was in
tended, for smulating the growth of needed space of a person moving a higher
goeeds. The amulations where performed in a corridor (200x20 cells) with different
dengties of people waking in the same direction and periodic boundary conditions.
Three cases where investigated: a person occupies dl the cels she passes in one
timestep, hdf the cdls and findly only the cdl she currently stands on. In the last



case, the occurring jamwaves where most remarkable, moving againg the flow and
growing more and more stable with the dengty growing (Figure 6).

Figure 6: Corridor with periodic boundary conditions and adengty of 4,4 P/m?. Peo-
ple are moving from the left to the right and occupying only one cdll. Jam-waves are
clearly vigble (dark aress).

The reaulting flow-densty-relations were compared with empiricd data (taken
from[4]) and it showed, that the results met redity very wel, if one person occupied
al the cells she passed in one timestep (Figure 7).
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Figure 7: How-dengty-rdations of the modd.

In a next gep, the effect of counterflow was investigated to see the effect of smal
numbers of people (one to ten) moving againg the main stream. This will happen,
when crewmembers have to move againg the evacuding passengers. Because the
influence of this effect is bigger in narrow spaces, the width of the corridor was set to

five cdls In amdl dengties, the disturbance by the person moving againg the stream
became clearly visble (Figure 8).
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Figure 8: The effect of counterflow in a narrow corridor.

The effect on the flow-dengty-relaion was adso very obvious (Figure 9). At low or
very high dengdties the counterflow had no remarkadle influence on the flow. In the
middle section however, this changed dramaticaly. The occurring fluctuations
thereby emerged from deadlock-like gStuations. Although al persons where digtrib-
uted randomly a the dat of each run, the counterflowing individuds sometimes

gathered and thereby jammed the corridor. By implementing a method for lane forme-
tion, this problem could be solved.
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Figure 9: The effect of counterflow on the flow-density-reation.

6. Comparison with exercises

In order to verify the smulation-model, the results are compared with practical tedts.
There have been many evacuation trids with high speed passenger craft which are
met very wdl by the smulation results. Because the period that the exits are blocked
while the liferafts are launched has the mgor impact on the evacuaion time (Figure
10), these reaults give only little information about the motion properties. It was there-
fore necessary, to perform a well documented evacuation trid with the main focus on
the flow-dengity-relaions.

Figure 10: Queuesin front of the exits during a high speed craft evacuetion.

In cooperation with UCI-cinemas, an evacuation trid in a movie theatre was done.
One hundred students participated, wearing hats with numbers for individud identifi-
cation. The fact that only students participated, could easily be taken into account in
the smulation by adjusting the parameters.

At the beginning, the darting pogtion of each sudent was regisered. At the exits,
digita cameras were placed. Through these the exact evacuation time and route of
each student could be evauated. During the show, the evacuation was announced in
the standard way by the theatre personnd. The students were free to choose their route
and evacuated in a settled, but speedy way. Because of a closed fire door in the e+
trance halway, only the evacuation exits were used.

The measured evacuation time was 66 seconds. In the sSmulation, one hundred
evacuations were done to retrieve a far datisic result. A mean evacuation time of



68 seconds was determined with a standard deviation of 2.5 seconds. Detailed results
and evauation will be made available [5].

Figure 11: Comparison of redity and smulation in an evacuation exercise.

7. Conclusion

It has shown, that it is possble, to Smulate complex scenarios and behaviour with
dementary modds. As a result of these amplifications, caculdionspeeds are very
high and dlow the invedtigation of very big moving crowds in a short time. For the
use of sich modds in the design-process the converson of technical drawings into the
gmulaion software is crucid. The orientation by automatic Spreading potentiads al-
ready improves converson-speeds. Next to this, a CAD-import is developed, which
alows quick transformation of dxf-filesinto the internd file format.

Further verifications have to be done with the modd, by comparing it with practica
trids. An evacuation of a cruiseship together with the dtrategic partners is planned as
part of the BYPASS-Project in near future. Next to this, fundamenta research will be
done to gather more detailed information about crowd-movement and behaviour.
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