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THE CONCEPT OF MINIMIZING EVACUATION
TIME BY OPTIMIZING THE DIMENSIONS
OF THE EMERGENCY ROUTES
FOR PASSENGER SHIP

Abstract
The concept of dimensioning escape routs to olatairedetermined displacement of the numbers
of people from their initial position to a destiiat as fast as possible, will be presented at tiygep.
In order to present the method it was used the pfagvacuation of an exemplary passenger and car
ferry. Based on a simple example, the distributibrescape was analyzed. The calculation method
was applied genetic algorithms.

INTRODUCTION- THE FACTORS AFFECTING FOR EVACUATION
TIME

Evacuation of buildings and transport systems ¢f@mple the passenger ships) is always
difficult problem. Improving the safety systems dana big challenge for designers, builders
and operators of those objects. Preventing actddisnhighly dependent on the "human
factor", which is a difficult to estimating. Theoeé, despite the fact that prevention is
considered to be the best way to ensure safetgheeld not forget about the development of
methods of effective evacuation

The research in order to improve the methods & eaacuation should include extending
the time available to carry out the evacuation ahdrtening the process of evacuation
(Fig. 1).

The systems against exceeding the life-threatenmuditions (eg appropriate smoke
ventilation), detection systems and alarm systam aso very important factors which can
affect for evacuation process.
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Fig. 1. Schematic recognition of the factors affectingphecess of evacuation
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The geometry and layout of escape routes play gvointant role in shortening the
evacuation time. They must meet a number of requérgs, but also to effectively carry out
their functions, should have sufficient capacitignage and lighting. The next part of this
article will present the concept of escape routesedsioning, in order to obtain displacement
assumed number of people from their initial positio the destination as quickly as possible.

However, the term "fastest" does not only depenttareling time by a single individual,
but also on the number of units moving this pather&fore, to solve the task will be used a
formula of quickest path problem, [1], combinedhnétn encoding of escape networks based
on graph theory [3].

1. ENCODING THE DISTRIBUTION OF ESCAPE ROUTES,
THE DEFINITION OF VARIABLES, OBJECTIVE FUNCTION
AND CONSTRAINTS

Assume that the network of escape routes at passshgp can be described as a directed

graph [2].
The individual vertices can represent elementhefavacuation routes. For each edge of
the graph, assign Weights/l(fi"”l), b(i "i+1)] where:
A i) ==l
St (1)

L- length of the escape route [m],
Sy~ average speed of person on the escape router(egddar the calculation of 0.5 m / s with
the ship inclination) [5], [m/s],

b(i; i) = FSW iy ,i;,,)[ person' s] ()
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W- width of the escape route [m],
Fs— specific flow (assumed for the calculatiorld@[person/m-s] ) [4].

The lengths of individual elements and the widthwW can be set as variables in the
analyzed problem posed.

The objective function is the time needed to semEhssengers from to ix along the path
P:

N
T(N,P) =A(P) + ——
(NP =AP)* 55 (3)
where:
o(P) = min b ) “
A(P) = iijl/‘(ii dia)
2. 5)

In order to present the established method, the fpihe evacuation of an exemplary
passenger and car ferry was used. It is assumegréisence of 160 passengers in the public
space (bar, library, gift shop) which is locatedtlba passenger deck (Fig. 2).

Passengers follow according to the established pliavacuation to the assembly on the
same board for simplicity, assume that a group @bpte divided in proportion to the
available emergency exits.
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Fig. 2. Sample Deck Plan of a passenger ship
Source: [http://hhvferry.com/deckplans.htm]
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Fig. 3. Diagram of distribution of evacuation direction
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Define the variables as:
X1-L(PP,1); %-L(1,2); %-L(2,3); x-L(3,4); ¥6-L(4,5); X%-L(5,MZ); X7-L(PP,6); %-L(6,7); X~
L(7,8); %10-L(8,9); x11-L(9,10); x2-L(10,MZ); x13W(PP,1); %4+W(1,2); %s5W(2,3); X6
W(3,4); x7W(4,5); xgW(5,MZ); x10W(PP,6); %0-W(6,7); %1-W(7,8); %2W(8,9); %3
W(9,10); %+-W(10,MZ)

We can describe two evacuation routes:
route: P1: PP-1-2-3-4-5-MZ
route: P2: PP-6-7-8-9-10-MZ

therefore:
b(P1)=min{(Fs-Xa), (FS-X4), (Fs-%s), (FS-%e), (FS-%7), (FS-%s)} (6)
b(P2)=min{ (Fs-Xo), (FS-%0), (FS%1), (FS-%2), (FS-%3), (FS-%4)} (7)
X1+X2+X3+X4+X5+X6
APL)= Sy ®)
X7+ Xg + X + X0+ Xy T X
MPZ): Ss’r (9)
Fitness function is given by following formula:
maxi(A(PD) + 21Ny 12y + 22Ny,

HX0, Xorrn s Xod)= b(P1) b(P2) (10)

The next step is to define the limits, which impbset dimensions passages.

Proposed the following linear constraints, so tieg dimensions of escape routes are
within established limits:.
. X HXotXa+Xa+X5+Xe= 150
. X7+Xg+XgtX10tX11+X12=150
. X13t+X1=20
. X14+X20=20
. X15+X%21=20
. X161+X22=20
. Xu7+X23=20
. XagtX24=20

Lower bound and upper bound means of which the dbdhae numbers symbolizing the
dimension of the escape routes are random generdiee layers are represented as vectors
which, for the scenario under consideration, haegollowing values:
Lowerbound=[1111111111111111111111]
Upper bound=[40 40 40 40 40 40 40 40 40 40 40 42®@P0 20 20 20 20 20 20 20 20 20]

O~NO OIS WNE

2. EVACUATION TIME CALCULATION EXAMPLE

In the first step of evacuation time were calcuatesing the formula (10) for the
dimensions of the passages listed below:
X1=9; %=9; Xs=9; X4=25; %=25; %=25; %=45; %=25; %=25; %0=45; X1=45; %2=25; X3
=10; %4=10; x5=10; x6=10; x7=10; %=10; X19=10; %0=10; %1=10; %-W(8,9)=10; %:=10;
X24:10
Evacuation time was 481 seconds.

Then, calculations were made using genetic algosthusing the module "Genetic
Algorithm" MATLAB.

Examples of results obtained during the optimizatice shown in Figures 4, 5, 6 and 7.
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Fig. 4. The results of calculations of the resulting eicun time 369 seconds
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Fig. 5. The results of calculations of the resulting eicun time 368 seconds
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Fig. 6. The results of calculations of the resulting eaitun time 364 seconds.
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Fig. 7. The results of calculations of the resulting eaizun time 362 seconds.
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The charts show how changing the value of the @eeend best objective function in
each iteration of the algorithm and the valueshef variables (dimensions corridors) for the

shortest evacu

ation time obtained in different $aons
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SUMMARY

At the paper, it was considered a very simple @dsevacuation routes distribution and
small number of people taking a part in the procelsgvacuation. The results seem to
indicate, that in the case of using the same metbothrge passenger ship, the evacuation
time also should be reduced. However, the presengttod has to be verified by using other
deck plans for simulation

At mentioned example, in the case of random seledf the dimensions of escape routes,
evacuation time was 481 seconds. The using of afireensions chosen by optimizing
reduced this time to 362 seconds (approximately)25%

The genetic algorithms was applied to solve thélern. Evolutionary computations can
be included into the group of artificial intelligesn Evolutionary methods including genetic
algorithm give good results (sub-optimal), avoidihg time-consuming calculations. Another
important advantage of this method is the resigtandinding local extremes.
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KONCEPCJA MINIMALIZACJI CZASU
EWAKUACJI POPRZEZ DOBOR WYMIAROW
DROG EWAKUACYJNYCH NA STATKU
PASAZERSKIM

Streszczenie

W artykule zaprezentowana zostanie koncepcja doboru wymiardg ewakuacji na statku, tak
aby uzyské& przemieszczenie esizatlaonej liczby osob z ich pagkowej pozycji do miejsca
przeznaczenia tak szybko jak tozhwee. W celu zaprezentowania dziatania opracowamejody
postiono se planem ewakuacji przykladowego promu passko —samochodowego. Na podstawie
prostego przyktadu rozkiadu drog ewakuacji dokonaarmalizy wplywu zwymiarowania drég
ewakuacyjnych na niliwosé uzyskania jak najkrotszego czasu ewakuacji. Dacodil zastosowano
metoa@ algorytméw genetycznych.
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