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ABSTRACT

A simulation model of evacuation strategies inraifttaccidents is proposed as an aid to improvieyol
planning. In the simulation passengers select #dirroute to minimize escape time. Finding thetbe
way to support evacuations, within the minimum regpitime in such chaotic situations, is diffictdt
solve optimally using analytical methods. To adsdr#ss problem, virtual simulations were repeated
under conditions of changing exit location and abchoice mechanism to select a route to an exit un
the best evacuation strategy was found. The effigiefor each exit was evaluated by using the
cumulative number of evacuating agents. Using th&7B300 airframe as a case study, the location of an
emergency exit was determined by an agent atteqptirexit. Using our approach, the total evacuation
time was reduced from 119.39 seconds to 83.27ssctewd than the 90 seconds requirement. The social
choice mechanism used smoothed out imbalancestinapacity, improving passenger strategies during
emergency aircraft evacuations.
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1. INTRODUCTION

It is critical for aircraft safety that both théils of a flight crew and the internal cabin
arrangement must be optimized to save human libgsdeveloping effective evacuation
systems for use in case of an emergency. From phiat of view, Federal Aviation

Administration (FAA) regulates that a new aircraftist satisfy Federal Aviation Regulation
(FAR) Part 25.803 (National Transportation Safetya®l, 2000) which includes the “90
seconds rule.” This rule states that for the maxmmseating capacity of an aircraft all
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passengers and crew members must be evacuatedheoairplane to the ground within 90
seconds. However, this can be difficult becauseetiiress time necessary for evacuation is
influenced by many factors such as airframe (nhumsiee and location of emergency exits,
seat and aisle arrangement), passengers (ageh,hgafider, interrelationship and degree of
panic) and flight crew (skill and training level).

The traditional approach for doing evacuation eixpents, with participants, is performed
by airplane manufacturers (A380 Emergency Evacnafiest). However, these experiments
are dangerous, expensive, and not easily repeataplehe other hand, simulation models
have been developed for evacuating civil structuegsl transfer vehicles (National
Transportation Safety Board, 2000; Santos, S. @.Aqguirre, B.E., 2004; Galea, E.R. et al.,
2007; Ceruti, A. and Manzini, R., 2003). In mos¢ypous work, a simulation tool used in
manufacturing planning and industrial optimizatlwas been applied to evacuation problems.
In these approaches, the interactions between @egpéuing and operational time are
addressed in industrial applications. Howevers itifficult to determine how to best guide
passengers in exiting an airplane, having the @assis of flight crews and a given internal
cabin arrangement, within the required evacuatiore tin the chaos following an aircraft
accident. In other words, it is difficult to optire for an exact minimum evacuation time as
these problems are not only difficult to formulatealytically but also difficult due to the
chaotic uncertainty of incomplete or dynamic stagé@assenger evacuation in an aircraft
cabin having limited space.

In this study we used a dynamic model of an ait@afcuation system by Miyoshi et al.
(2009) as a visual interactive simulation tool tevelop and evaluate several evacuation
techniques. We provide a new optimization methadifght crews and cabin attendants that
minimizes evacuation time for passengers by usimgaatonomous multi-agent simulation
with a recursive procedure. The purpose of thidysis to clarify the strategies for supporting
and recognizing the behavior of passengers who guiskly evacuate in an aircraft accident
within a limited time frame. A multi-agent simulati model is proposed, in which passengers
select the best route to an exit. The evacuatitiavier is formulated as an autonomous multi-
agent system model evolving over a two-dimensigmal that represents the aircraft cabin
and passengers. In this model, the autonomoudsageninitially placed in seat squares and
move toward an emergency exit when the aircrafidect occurs. The evacuation simulations
are repeated using a social choice mechanism tmirapghe location of an exit until the best
strategy is found for the evacuating passengersthin case, the exit with the lowest
performance was moved to the center of a neigh@oeiit in the first stage. The lowest
performing exit was always targeted to be movedapplying the same strategic reasoning
sequentially. Finally, the evacuation simulationswaxecuted with the re-allocated exits.
Using these exit re-allocations, agents are sevartheir best (optimized) exit as determined
by this virtual method of optimizing exit location.
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2. SIMULATION MODEL FOR EVACUATION IN AIRCRAFT
ACCIDENT

2.1 Model Analogies of Passenger s and Equipment

In this paper, simulation models by Miyoshi et(@009) and Ueno et al.(2010) are applied to
a method of recursively searching for an optimuraceration strategy by use of a social
choice mechanism. In the model, the equipment diodadion of facilities in the aircraft
cabins were formulated using a two-dimensional get representation. The cabin interiors
and cell models of several types of aircraft (DCB@7/7 and B737) were modeled. Figure
1(b) represents a two-dimensional grid cell modehe actual dimensions and cabin interior
of the B777-300, as shown in Figure 1(a). In thelehothe flow of passengers is represented
by movement of autonomous multi-agents attemptingxit the aircraft. The cell is used to
represent the space around an economy class s#a itebin, a seat whose actual size is
approximately 0.43m square. Equipment and featwsesh as exit and emergency doors,
emergency exit signs, lavatories, galleries, casntsles and seats are also approximated by
analogies in the two-dimension model as to thaalimn and the dimensions of the aircraft.
Since slides can be deployed from an exit doohéoground in emergencies, slides were also
incorporated into the simulation (Figure 1). Pagsemvacuation delays would arise at an exit
door if it could not accommodate the number of eatiog passengers at any point in time.
The efficiency of an exit door was considered toabeinherent attribute of an aircraft, pre-
determined based on the size of door and the &litsscape slide. The efficiency of an exit
door, Td, was the time delay around an emergency exitealptermined value found by using
the performance of emergency evacuations as faudréraft accident reports (Aircraft and
railway accidents investigation commission, 199D08). Generic passenger movement
speeds during an evacuation were investigated bHgaGet al. (2007), and computerized
evacuation simulations were performed using theeation speeds from Certti The time
step of the simulation was based on their evacuapeed determination (0.98m/s), i.e., the
step interval was set to 0.43sec/step. A time bbed, is set to 0 and incremented by 1 every
0.43s. It was assumed in the previously specifidglsrthat the multi-agents move towards an
exit to evacuate from an aircraft. It was notect tt@ugh the individual behaviors of the
multi-agents were controlled by the local and aatoaus algorithm, the final results of the
movements by the individual agents were seen td yienacro behavior controlled by group
dynamics, such as social choice, in the evacuditbtenof the aircraft cabin.
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Figure 1.Aircraft interior and cell model for B777-300.

2.2 Rulesfor the M ovement of an Autonomous Agent

The rules for the movement of an agent, as sumethiiz Figures 2 and 3, consisted of the

following steps:

Step 1: Each agent is instructed to move towardsngmrest emergency exit. They gather
information on the location, and direction, of dahie emergency exits or exit signs

(Figure 2) (T !1!.'1I.' I a1t
Step 2: The location and e THEETH i
direction of emergency
exits or emergency exit  Exitl2 ExitR2 —
signs are stored in agent Ex'rItL' ht 2 T
1 O O 00 O seat Tl
memory. If the Ioca‘qon 3l 11204 Toio e ue
of -an -eme-rgency e).(|t or O \lola 4] oo direction =
exit sign is recognized, O3] |0 5] [CJOfM #« passenger uB
the agent then moves to g:f + ?“i ? EE m
that Io_catio_n, otherwise oo oo oo e
the direction to the o7 |[oooh|do e
nearest exit route must | ool oo g - Ll
be estimated from  tL3 ExiR3 L
information_ an agent O T s A S : :
has. In this step, the ool oo (00 ke
location and direction of T
emergency exits or exit Figure 2 Local rules for ager. Figure 3 Rules for movemer.

signs were determined
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from among 16 directions as shown in Figure 2. &ample, Exits 1, 2, 3, and Exit
Sign 1, would be stored in agent)(memories as the 10th, 4th, 7th and 16th direstion
respectively.

Step 3: The nearest neighborhood cell is selectédeanew destination since it is on a critical
path, that is, taking this route gives the shortase to an exit, subject to physical
limitations such as intervening seats and equipratotation. These destinations are
defined by a Moore neighborhood (i.e., the 8 surding cells) as shown in Figure 3.

Step 4: Agent makes a judgment as to whether tsnd¢ion cell is occupied or not. An agent
can move to the destination cell if it is not odedpby another agent. Otherwise, an

agent must wait until the destination cell is empty

3. RECURSIVE SEARCH METHOD FOR FINDING AN
OPTIMUM EVACUATION STRATEGY INCORPORATING
A SOCIAL CHOICE MECHANISM

3.1 Sequential M odification of the Emer gency Exit L ocation

The goal of the evacuation simulation is to betitgderstand and recognize the characteristics

of emergency

aircraft evacuations

by considering |EX”’/_~|EX“| 70p.g.
conditions such as (

allocation of I

passengers within a
cabin, efficiency of

exits, and passenger
instructions. In this
paper the goal of
mimicking an

evacuation was
developed to meet
the “90 seconds
rule” as found in

FAR Part 25.803
(Federal  Aviation

Regulation, 1990).
This states that the

|Exit =|Exit | 70p.g.
e |

maximum  seating

capacity, including |Exit BqExit Exit P Exit

crew members, must a) Initial stage. b) stage after modification.
g g

be evacuated from

the airplane to the Figure 4. The area to reach an exit. (p.g. = pagseh

ground under

simulated

74



EVALUATION OF AIRCRAFT EVACUATION STRATEGIES USING A VRTUAL SIMULATION

emergency conditions within 90 seconds. Guidancepdsesengers by crew members is
necessary to achieve this goal must be planned itimize the total egress time of all
passengers and crew members. Subject to the agaeinment rules, the queue of passengers
towards some exits is larger as passengers tembwe towards the nearest emergency exit
and so concentrate on getting to a specific exésd8l on the above considerations, the
simulation’s goal was to optimize the allocationpafssengers towards the emergency exits
such that the number of passengers passing theaghemergency exit could be modified to
smooth out any imbalance.

If the cabin seating capacities are different freath other, the numbers of passengers
moving to the emergency exits would not be balandgédure 4 shows the numbers of
passengers moving to the exits specified previouklyis seen that a larger number of
passengers move towards the exit near the lardpn ¢eabin 3). In Figure 4(a) the ellipses
illustrate the area through which the passengerdvavel to reach the corresponding exit.
The number of passengers who chose each exit dsrafsresented in the figure, before
optimization, when the passenger is able to viewde area of the cabin from a distance. The
waiting queues of passenger to emergency exit®aitd grow with an increasing egress time.
Figure 4 (a) shows 125 passengers concentratethetgency exit3 and exit7, with many
gueuing passengers. If the passengers moving to e@dt can be better balanced, such as
gueuing passengers to a specified emergency esih@sn in Figure 4(b), total egress time
would be reduced. To induce an optimum solutior, dlocation of passengers to each exit
was determined by considering distance to an Exitvever, it can be difficult for a passenger
to evaluate this distance because of the complegement of cabin equipment. Thus, it is
impossible to obtain the optimum allocation of maggers to the emergency exits using
analytical methods. Instead of analytical optimaat we used a sequential modification
method to obtain a satisfactory allocation of ereany exits by using social choice behaviors
to prevent passenger concentration at an exitewdido considering the movement speed of
passengers and queuing length at an emergency exit.

3.2 Initial Allocation of passenger to the exits

The number of passengers who leave through anshgitild correspond to the evacuation
efficiency of that exit in minimizing the egresmé. If the capacity of the emergency exit is so
large that the more passengers could get out ftama unit time, the goal of the passengers
should be to move toward such an exit. Figure dffmws the initial setting of the capacity of
passengers to leave through each emergency exit thbecapacity of the emergency exits are
equal; that is, exitl and exit5, exit2 and exitGtEand exit7, exit4 and exit8 are each set to
accommodate 70 passengers. If passengers usisgrtteeemergency exit are initially located
on opposite sides of the cabin, the passenger atianuflow to the exits will cross and so
create a traffic jam. This disrupts passenger flowreasing egress time. To avoid these
situations, passenger goals must be organized order that corresponds to the location of
the emergency exit previously allocated. The goélpassengers in the front of the aircraft
are set to use exitl or exit5 up to the predetexchilimit. After that, passenger goals are
determined continuously as information becomes|alviai.

The total number of passengers in the aircrafteisoted byN, with the passenger IDs
arranged sequentially starting from the passengershe front seats. The number of
emergency exits is denoted Byand the IDs of the left-side emergency exits asighated
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1,2,3,4 with the IDs of right-side exits as 5,6,7,Be capacity of the-th exit is denoted bg,
where the capacity of emergency exit is the rateutfgoing passengers per unit time. The
number of passengens, whose goals are set up from thih exit, must be modified to re-
allocate passengers to accomplish an equally-dividg@acity.

_ i
Pp=NTG—
-

If an emergency exit is closed by a circumstanah &s a fire or other trouble, is set to 0.
Then, in the configuration where the four emergeexiys are closed and the capacity of the
four exits is equally divided, the number of pagge#a moving to each exit is setNit.

3.3 Searching for a strategic evacuation plan using a social choice
mechanism to virtually move the location of an exit

The evacuation simulation
showed that long queue lines .

and traffic jams occurred % Exit2
around the neighborhood of the 2 c Exit 3

nearest exit because of the || =

concentration of agents. The §§

frequency of these problems of [ it 3 § o .

evacuation flow, based on-f. | 0® Exit4

social selection, depended on.. ﬂ-

the relation between the ﬂ Exit4 Simulation time
efficiency of an exit and

capacity of that cabin. A

strategic evacuation plan was (a) Movement of exit. (o)Performarfor each exit.
developed by using a virtual Figure 5.Virtual method of moving the location of exit.

simulation to move the location
of an emergency exit to match the capacity of dancahd its interior layout in a sequential
fashion by using a social choice mechanism. Thahes evacuation simulations are repeated
incorporating a changing of exit locations as shamwfigure 5(a) in which the social choice
mechanisms of the agents were used until the bestuation strategy was found by
smoothing out the unbalanced performance at thegamey exits. In this case, the efficiency
of exiting can be represented by the cumulative benof evacuated passengers for each exit.
This is illustrated in Figure 5(b) where the horia axis indicates the elapsed simulation
time.

The procedures for determining the best strategysammarized in the following steps:

Step 1: The evacuation simulation is executed uid#al conditions in which the exit
locations for each passenger are specified.

Step 2: To determine the efficiency of each emeargesxit, the cumulative number of
evacuated passengers are evaluated.

Step 3: The total duration for evacuation is chdcké the total duration is the smallest
among all results, complete the simulation. Whea $imulation is completed, the exit

76



EVALUATION OF AIRCRAFT EVACUATION STRATEGIES USING A VRTUAL SIMULATION

allocated is the recommended exit location usimgviltual method of moving the location of

an exit; go to step 5. Otherwise, go to Step 4.

Step 4: Change the location of the emergency exitnlg the lowest performance; go to
Step 1. In this case, the exit with the lowest gmenfince is moved to the center of a
neighboring exit from the first stage; at any pamtime the exit with the lower performance
is moved sequentially using the same strategioreag.

Step 5: The evacuation simulation is executed agéimthe initial location of the exit in
the recommended location as determined in Step s Ts called the ’re-allocation

simulation.”

As shown in Figure 5(a), the operation of moving thcation of exit, along with the
algorithm mentioned in Step 4, allocates the ageontssmooth out unbalanced exit

performance due to crowding and long waiting que

ues

The simulation is repeated as above until the lescuation strategy is found. The
performance for each exit is evaluated by the cativd number of evacuation passengers at

each emergency exit as shown in Figure 5 (b).

4. NUMERICAL EXAMPLES

4.1 Case Study A: B777-300 using half of available exits and a 100%

Passenger Load Factor

As a numerical example, the B777-300

configuration was examined to verify the proposed

method of searching for the best strategic plan fo
evacuation in an aircraft accident by using a docig
choice mechanism. The cell model used is show
in Figure 1, with the aircraft specifications
presented in Table 1. The purpose of this cas
study is to clarify how to best assist an evacumatio
from the aircraft to the ground under specified

Table 1. Specifications of B777-300ER.

conditions in an accident situation. In this cas
study, only the half the exits on left side were
available to use. In addition, the load factor was
100%, meaning the seats were full of passengers

the locations shown in Figure 1(a). In other words

the gray cells illustrated in Figure 1 (b) werelful
filled with agents such that the aircraft was
overcrowded when the accident happened. Thi
condition is similar to that for the “90 seconds
rule”, with the goal to evacuate all agents within
90 seconds.
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[ B777-300ER
Num. of seal 37¢
Num. of Business sei 28
Num. of Economy see 35C
Num. of cabin 4
Length of all cabin [rr 60.2
Width of interior cabin [rr 5.84
Length between forward al 54.0
rear exits{m :
Num. of cells betwee 115
nt+ forward and rear exits [r
Num. of cells(rigt-left) 11
Length per cell [ir 0.47(
Width per cell [m 0.52¢
= Num. of Exit: 1C
Width of Exit doors[m 1.07
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4.1.1 Initial setting for Sequential Simulation

As the first step in our search method for develigpi
a strategic evaluation plan, an initial setting foe
sequential simulations was prepared. The initie
simulation, with the exit locations is illustrated
Figure 1, was executed using a 100% load facto
The results obtained are shown in Figures. 6 and
The performance capacity of each emergency e» ‘ ‘ ‘ ‘ ‘
using the initial setting is illustrated in Figuewith 2432393 4543 6693 8843 109.93

the cumulative number of evacuation (CNE) on th Time(sec)

vertical axis. The relationship betyveen_the renmegni Figure 6. Cumulative number of evacuation passenger
passenger rate and the_ durat_lon time from the from each exit door.

beginning of the evacuation to its end under these

S Exitl

OExit2

AExit3

OExit4

XExit5

initial conditions is illustrated in Figure 7. & seen 12
that the time required for total duration for 1
evacuation (TDE), the time from the start of the 08 1
evacuation to its completion, was 119.39 seconds. £ e
2 o
4.1.2 Searching for an evacuation strategy 0.4
using a social choice mechanism by recursive 0.2
simulation 0 ‘
To reduce the TDE from the 119.39 seconds obtained 0 50 100 150
using the initial settings, the evacuation stratgman Time(sec)

was rerun using the procedure outlined in section
Based on the knowledge of social choice for t
agent in Figure 6, note that Exit3 has the best

performance while Exitl had the lowest performant#ilizing this knowledge, the
procedures from 3.3 were used to search for anawegk strategic plan by using the social
choice mechanism- the virtual method of movingltiwation of an exit. As the process

dgure 7. Remaining Passengers Rate of ordinarsaftirc

(@) (b) (€) (d) (e) (f) (9)
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Figure 8. Virtual movement of exit door locationeaich improvement step. (Circles indicate that the
door location was changed.)

transitions (steps) from the initial stage to thealf stage, the results of the process change
based on the virtual movement of the door locasdhastrated in Figure 8. On the other hand,
the performances of each exit door at each stepllastrated in Figure 9. The sequential
simulation process has been repeated until thedwestuation strategy was found. The final
results of the search for a best evacuation styathg complete evacuation time of each stage,
are summarized in Table 2. The initial value of TDE.39 seconds was improved to 78.17
seconds at step 6 and 83.27 seconds during aoeatdin simulation. Finally, the evacuation
simulation was executed using the initial locatidrthe exits under the condition that the exit
locations for all agents are determined by usirguintual method of moving the location of
exits. The results of this simulation are compamethe performance strategy of re-allocating
the emergency exits (Figure 10). The differencesviacuation flows are illustrated in Figure
11, where it is shown that the unbalanced allocatibexit performance has been smoothed
out by the social choice mechanism that virtualtyved the location of an exit.
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¢ Exitl
0 Exit2
A EXit3
0 Exit4
-10 X Exit5
2.43 23.93 4543 66.93 88.43 109.93 243 2393 4543 66.93 88.43
Time(sec) Time(sec)
(a) Stepl: allocation of Nol E» (b) Step2: allocation of Nol Exi
¢ Exitl
O Exit2
A Exit3
O Exit4
X Exit5
2.43 23.93 45.43 66.93 88.43 109.93 2.4% 23.97 4547 66.97 88.47 109.9:
Time(sec) Time(sec)
(c) Ster3: allocation of Nol Exi (d) Steg4: allocation of Nol Exi
140 o Exitl
1201 Step5 ,
O Exit2
A EXit3
O Exit4
. . : . X Exits
2.4z 23.9t 45.4: 66.9¢ 88.4< 2.43 23.93 45.43 66.93 88.43
Time(sec) Time(sec)
(e) Ster5: allocation of Nol Exi (f) Steg6: allocation of Nol1 Exi

Fiaure 9.Evacuation performance of each exit c.
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Table 2. Improvement afDE for Case Study A.

120 Load Factor 100%
¢ Exitl
DEXxit2 TDE(sec)
_ normal evacuation 119.39
AEXit3 -
_ Calculating process
OExit4 step 1 119.39

F /& X Exit5 step 2|  103.48
243 23.9: 45.4% 66.92 step 3 8155

Time(sec) step 4 82.41

Figure 10. Determination of the exit door whichkeagent step 5 73.38
would go out in the evacuation simulation. step 6 7811

re-allocation 83.27

Exitl

T= T= T= T= T= T= T= T= T= T= T= T=
21.78 47.58 104.77 123.26 21.78 42.85 47.58 66.22 21.78 42.85 47.58 47.58

(a) Initial location of exit without assist. (b) Virtual moving of exit at step6. (ojtial location of exit with re-allocation.

Figure 11. Differences of evacuation flow aroundsik Case Study A.
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4.2 Case Study B: B777-300 using half of the exits with a 50%
Passenger Load Factor

4.2.1 Initial Settingsfor the Sequential Simulation

In this case study, only the half of the exits eft $ide of the plane were available for use with
a 50% load factor, indicating that half of the mamgers were seated at the location (Figure 12).
Evacuation flow is sensitive to the relationshigween the location of available exits and
initial position of passengers when the evacuadtants. The configuration of initial positions
(Figure 12) seems to provide unfavorable conditiforsallowing smooth evacuation flow.
The required total duration for evacuation (TDE)ing a set of initial conditions such as the
location of an exit and so on, was 94.84 seconds.

IESE5599

FES=S94

T e o o e

153333 ¢

7
5

Figure 12. Initial condition of position seated yoeisly for Case Study B

4.2.2 Searching for an Evacuation Strategy using a Social Choice M echanism by
Recursive Simulation

To reduce the TDE from 94.88 seconds at the initedditions, the evacuation strategic plan
was improved by using the procedure of sectiony3c@hsidering social choice of an agent as
seen in case study A, the sensitivities of perforceaare taken into account from the view
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Figure 13. Virtual movement of exit door locatidreach improvement step for Case Study B.

points of evacuation flow efficiency and the effect

st £as aag
2% 53R X
AEX AXX AdR

of smoothing any unbalance performance for each Table 3. Improvement GfDE for Case Study B.
exit. Utilizing this knowledge, the procedures from| 554 Factor 50%

3.3 were used to search for a better strategic plan
using the social choice mechanism. The results of
virtual movement of the exit door location are

illustrated in Figure 13 with the performance of

each exit door illustrated in Figure 14, as the
process transitioned from the initial stage to the

final stage. It is noted from Figure 14 in casalgtu

B that the unbalanced performance at each exit has

been improved in the final stage at step 8. Thal fin

results of the search for a best evacuation siyateg

and the complete evacuation time for each stage, is
summarized in Table 3 where it is seen that the

initial vale of TDE 94.39 seconds was improved to

38.12 seconds at step 8 and 44.57seconds at re
allocation.

TDE(sec)
normal evacuation 94.88
Calculating process
step 1 91.98
step 2 83.70
step 3 59.62
step 4 50.16
step 5 38.12
step 6 47.58
step 7 43.28
I step 8 38.12
re-allocation 44.57
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Finally, the evacuation simulation was executedgishe initial location of the exit with
the final location of an exit obtained by the vatunethod of moving the location of exit. The
results of this simulation compare the performarafee-allocating emergency exits (Figure
15). The differences in evacuation flows are illat#d in Figure 15 where it is confirmed that
the unbalanced allocation of exit performance waskedly improved as compared to case
study A by using the social choice mechanism whidnally moved the location of an exit.
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Figure 14. vacuation performance of each exit doocase study B.
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EVALUATION OF AIRCRAFT EVACUATION STRATEGIES USING A VRTUAL SIMULATION
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Figure15.Differences in evacuation flow around €kitCase Study B.

5. CONCLUDING REMARKS

Based on the proposed procedures, evacuation giondavere conducted in which a social
choice mechanism of evacuating passengers wagegtifo move the virtual location of
emergency exits until the best evacuation strategy found. As the numerical examples for
the B777-300 demonstrated, the location of an eemng exit can be determined by
simulation. In this case study, the total evacumtimme was reduced from 119.39 seconds to
85.42 seconds, a time less than the required 9fthdecThis indicates that a good evacuation
strategy was obtained by the proposed procedurehwhsed a social choice mechanism
representing passengers in a multi-agent simulaiwhthen mining the best strategic plan for
a given set of circumstances.

The effectiveness of the proposed method was denated as the total time required for
complete evacuation was reduced with the unbalped®rmance of an exit smoothed out in
both case studies. Comparing the different casdiestuthe factors affecting evacuation such
as available exits, load factor of passengers @ad gosition, and so on, allowed for the
prevention of traffic jams and the concentratiorpa$sengers moving toward one location by
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the proposed method. These results will be usedul the improvement of passenger
evacuation instructions and the training of fligttendants.
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