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Passenger Ship Evacuation Simulation using Algorithm for Determination

of Evacuating Direction based on Walking Direction Potential Function
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which permits unrestricted non—commercial use, distribution, and reproduction in any medium, provided the original work is properly cited,

This paper presents a simulation for passenger ship evacuation considering determination of evacuating direction based on walking
direction potential function, In order to determine walking direction of a passenger, his/her position in two dimensional plane was
adopted as a design variable, and fixed boundaries such as walls and obstacles were adopted as constraints, To solve this optimum
problem, a walking direction potential function was adopted as an objective function, This potential function was configured as a kind
of penalty function and it contained two components, One is a potential function concerned with the distance to the destination, and
other is a potential function based on the effect of walls and obstacles, To determine evacuating direction, this problem was solved by
minimizing the walking direction potential function every unit time during the simulation, The crowd behavior of the passenger consisted
of the flock behavior, a form of collective behavior of a large number of interacting passengers with a common group, With the
proposed algorithm, the test problems in International Maritime Organization, Maritime Safety Committee/Circulation 1238(IMO MSC/
Circ.1238) were implemented and the direction of passengers and total evacuation time was analyzed,
Keywords : Advanced evacuation analysis(&5Z && 5l1Ad), Algorithm for determination of evacuating direction(E/& A2 28 &1215),
Walking direction potential function(=2a 2tsF EIA Sh4y)
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=
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Table 1 Comparison between simulation programs for advanced evacuation analysis of passenger ship

Advanced evacuation Maritime
) This paper IMEX EVAC Evi
analysis program pap EXODUS
Acceleration—-based|Acceleration—-based|Acceleration—based| Velocity-based | Velocity—based
Passenger model
model model model model model
Geometry representation Continuous Continuous Continuous Continuous Discrete cell
Rotation of Passenger 0 X 0 X X
Forces due to the crowd S ocity f
. ame velocity for
Crowd behavior Helbing’s arou Gene concept
Flock behavior X g's group 1 each group
behavior
Obstacle/Wall Penalty force unknown - -
IMO Test Case ) X X @) 0
s L2|E(flocking algorithm) 2, 0 2= S200] thaliM= (2001)2 & 7|Ht 2RSS HIEfOZ ‘AENEAS 2h= 0{Z4M &S24
& (counterflow) ¥12|5S 22t M35 ElE EAM Z2O#s JESIRICE Vassalos, et al. (2002)2 &
= =29 2/ollMe= & o7 sigo] sl s, 3& T 7 2HS AR50 Bvisle S EE M AlEEold =
M= & ==0lM Foist S527|dh 524 BE TClof Chal A 2OWE JHLsICt
Wict 47oM= B aiek ZEA ==E 0|8510{ S| Helbing, et al. (2000, 2001)2 wE2| 2& WHAZ J(Ete
2a dieks ZAMshks ghHol Chisl Mmsic) s&ollM= I9& 2 stk= 7T 7|8 S RES H[etslict Korhone and
(counterflow) Z2|ES MY, 6Z0M= Rt s Laiz| Hostikka (2009)= Helbing0| HM|okst 7I&E 7|8t £74 nHlg
2 MYsI} 7HoM= AlE2old T8 2 O 2ot EMet, Jldloz ‘EVAC’OIEI: oM SM Bl BA Z2OWS Il
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go| F2 Jls % b me 82 Liedct
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&% o B4 mROe a0 0|5 FAmel puz g oo SOIM SAM S Eo SHn 24| 26l de M82 S
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Fig. 1 An example of contour plot of objective direction
potential function with 2 doors in a room
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this paper
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Table 2 Comparison of total evacuation time between cases with and without counterflow algorithm for the test

problem No.8 in IMO MSC / Circ. 1238

Number of person in Room 2 0 10 50 100
Total evacuation time without counterflow algorithm (sec.) 87 169 Not end Not end
Total evacuation time with counterflow algorithm (sec.) 88 118 220 273
70|k, Fig. 82k 20| 10m X 10mel = ol 10m x 2me| = 8. = 2l &5 o7
T2 M2 HZA=0] 91, 30~50Me] EA 100H0| 21Z gHof
ZE2E0] ACt 0 2= S22 Woo| 2xsk=0| o] 24
= wzsiol DE A70| UiiH Wom o|Sie o Zale A] & SITOINE Ha et ZeM shE Tolsiel s7el 2
2k Emsich ool &70| 1008 22, SRlcountefion) & oo S8 ShL OF 2o Sl SfEk S42 uEsy|
UTREE BN e ZPo KBE A0l Ufsio] Alge TP AT HRISES HBsKISN, S22 B A5S meet
olMo| Zni= Fig. 80l LIEWHICY Fig. 8 (a)Q} 20| o= 7 7| 2l HTt S Le|ES HESINC) o] ZEHIE et
EI%% @‘%EW %;.% %"?'E El“?—E‘l é"i‘”ﬂf gd)gm HEMOHEI' —T,—E|§% IMO MSC / Circ 12389—| A|.3:.4—E—X‘”0” I:Hﬁl'l :FL3|_46|‘04,
of, ARzlo] A% XILLE AlgefolMol FESIR| Slgich Fig. 8 O v OISON ECF AR HERAE %S =elskic. g
(b)St Zo| oiF YIRIES HBE ARE AlRIS0| A2 s Ui° SEE THS HUNSR HHe| SiEt 078
Dle_I Ol%glﬂ:i, %A%F% [El_al_A_I %x“)_l HH|‘X=|L—|-7"D|_:|A‘|‘ 250_;‘5 g{ QE x|_|€ngEI- Oﬂgolu:‘, OI% Hl’%)l-gi Eal-g AI_E_E'” IAJ% _JI:EOH%F
7} 520 ChRE Allo] BijEt woz wiHLple 2e el 1EOIH
g % 9lck
= 7]
= AT= (a) HPEMGHUNF), (o) XIMEH T MAAHV =
7HEEARRA(10035331, AlE2olM Z|gte| A8} Sl SHAEERHE it
71 M), (c) MStHetn Sofi7t4, (d) MSCHE o2
ARIZ ST X|YS ot HTE IS S E15|H, Ololl &AL
=2iuc}

150 sec. 150 sec.

Fig. 8 Simulation result of passenger evacuation for the
test problem No.8 in IMO MSC / Circ.1238 : (a)
without and (b) with counterflow algorithm
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