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Dynamic Recognition Agent-Based Fire Evacuation Simulation
Considering Panic Situations
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Abstract

This study proposes a dynamic perception agent-based evacuation model that considers evacuees' panic situations
during a fire. Based on the Floor Field Model (FFM), this model simulates smoke spread and allows agents to
perceive the smoke, implementing panic conditions before and after smoke recognition. Unlike the existing FFM,
which assumes uniform walking patterns for all agents, this study focuses on proposing a more realistic walking
model by differentiating the walking characteristics of individual agents. Evacuation simulations were conducted on
an actual building with a population ranging from 50 to 500 people, comparing the differences between the existing
model and the newly proposed model. Simulation results indicate that after recognizing the fire, there was an
increase in evacuation time due to decreased spatial familiarity and increased panic, resulting in longer dwell times
at bottleneck points. The realistic fire evacuation simulation is expected to be utilized for assessing building
evacuation safety.
Keywords : Floor Field Model(FFM), Fire Evacuation Simulation,
CA-ABM(Cellular Automata-Agent Based Model), Dynamic Recognition of Panic
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Koo et al., 2017; Ahn, 2018; Koo et al., 2019). AZ
7 ®A]9] dA|Z= AR 32 7391 building EXODUS+
CFAST(FSEG, 2017; NIST, 2017) 3-8 FDS+Evac
(NIST, 2017; VTT, 2017)7} it} ahd Hyjo] A2
Az wpajo] 2] SWol ArjHom o)Es
o, ol 42 FESL sl 9 eot ATAe] &
YAl B AT W k] @Al EAfAIE ole]
AR ORE DAASL AAE B7 X Hlole]
(h) Qlele] B @ sk =) 7)ut AlEelo] o]
o] o]ELo] wEw(Lee et al, 2018; Lee et al,
2019; Lee et al., 2021; Ji et al., 2022), 2)IndoorGML
Fol ExokE A 811 dloleE BESAL B
W EE 7)&3te] Ao 9lo] gAEe] ek Zhang
et al., 2015; Lee et al, 2021).
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A mEo] AL, ula 2 7|4 AtA NISTOA A
W5k @ Z AN 3 A8 o]Elel FDS(NTIS, 2017;
McGrattan et al., 2013)2 373-& 43Tk
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22 7|& tjm] =¥

S AlEElolE e AEE WA Y AAE AP 5
= A Q] L floor field model(FFM)o] gtk
(Kirchner and Schadschneider, 2002; Nishinari et al.,
2004; Huang and Guo, 2008; Nam et al., 2014; Nam
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Figure 2. Basic floor field model (Lee et al. 2018)

et al., 2016). AEZA2] FFMQ] AL, W3] oo]HE}
et 87 Auke wEjste] olsEES A
ol A4F £=7F mEtk= o] gltk(Helbing et
al., 2000). Fig. 2+= FFMo] tgt A olct. oAt &
7% 2D 2% Fho Aot deldEt shte)
Azpol| R|ekA Hrt. ofo]HE= wf B Agiuic),
Z7e}e] A2 AA L= static floor field(SFF), T
Bzl A48 e dynamic floor field(DFF)2}
o2 maRe ¢ ol W PAE oia AkkEs
ol% BgL Aeisl Hrk

2, s melsle] ABY P 9istol b <)
Ajo] ufe $5] WEo| vkl Extended FFMO] 9}
(Lee et al., 2000; Lee et al., 2019; Lee et al., 2018).
A7) FAiks arefsto] o] ES] 93] FFo] HHH
FFM2] #-¢, FDSE &-gato] 7] gl FESl fire
spreading field(FSF)Q} 917] Q1R] HE2l fire recognition
field(FRF)& F7}5}0] o] ES] o] SEof Hrejs}
%CHFigs. 3 and 4). s O] A, oo]HET} 3}

Figure 3. FSF (Lee et al., 2000; Lee et al., 2019,
Lee et al., 2018)
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Figure 4. FRF (Lee et al, 2000; Lee et al., 2019;
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dlolde] Z\gkat chad] sk QAo uet FAow

A= 21 oJu|jith FRF 7|9t 78 ool E7}
NP o BHR|(A7]) QIA] of o] uhet Bk AGE
g gy ASRS a0 2 AT o= IR 21X
o W F2t WEw et} 0By WY $71E o)
AES Az A8 kg whstA e

P =N,

exp(km/ +k5/w9 )(1_77ij)5z'j (D

where, F; denotes the transition probability of the

cell(é,j), NV is a normalization function to make
the sum of transition probabilities. 2);; and .5,
denote the values of the SFF and DFF. k), and
kgy denote the sensitivity parameters for SFF and
DFF before fire recognition. 7;; and ¢;; are status
of fixed obstacles and occupancy status of other
agents, respectively.

Py =N, (kppD,

exp

i+ kg WS, )(1_77,:]')671.;‘ @

where, kprp and kg denote the sensitivity
parameters for SFF and DFF after fire recognition.

The rest are the same as in Equation (1).

olo] HEH02 A ofoldET} 3h) 21x] 2] of
k2 Bq. (1), 3 214 ] o) 8L Eq. )
2t = Aol wd Al didt FAE =
Mok sfeolels B ()3 Eq. QA kst kel
o kyi DEFe] tfat gk stefulelolm, ofold=
7} k2 ool HES ueblel o By WAt %

2 275K shefulEolh ke SFFo] rﬂz& E'J%}E
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Figure 5. Evacuation environment

Ark(Lee ef al, 2019).
"41«4 mof it dig] ol Ayeles uu olgle]
HEE | 5008712 50 o2 LAk =
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5 2dol AL Eq. ()T Q)M FA&Ee] vzt
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ol kp7F 29} 12 1A% o] QltKLee ef al, 2021). &
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Sof i) sfel olg Slsker S5l A Bl
2, HjuE fIsto] A w|QlA] ool dESS] dju] df
B AT FUsH stelulelg Agstack §
A QIA Eo] A9 koy T kpy & olek EdsA A
getaow, Y AR sHom HARP] 98t
kg2t kppe= 242 0.5 302 ATt kg7t 11]
Tke] groz HAAETH ool Es i FXtolA &
ol thet ARE 2 A Eoh= dolet oA Qlrt
(Kirchner and Schadschneider, 2002; Nishinari et al.,
2004). k= 09 A9, ool dESe] o]Zy difo] A
3 ¢l= AL 9u|shy(Kirchner and Schadschneider,
2002; Jun, 2004) &A1) 3] WA A] wjy AR =
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Figure 6. Proposed FFM based evacuation simulation during smoke spreading. (a) t=0, (b) =50, (c) t=100, (d)
t=150, (e) t=200, (f) t=250. The red dashed box indicates bottleneck areas
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6(b)). 121t 10027} 7:'451 o] FHE = I A7
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Figure 10. Occupancy of agents in the proposed
model. The red dashed box indicates
bottleneck areas
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