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DEVS-Based Simulation Model for Safety Management of
Pedestrian Streams in High-Density Situations

Gyu-Ri Kim - Sang-Hwa Lee - Jang-Won Bae'

Crowd accidents in high-density situations occur frequently worldwide, and the actual development of crowd
dynamics often deviates from prior expectations, making it difficult for pre-established control measures to function
effectively. As a result, such incidents have emerged as critical social disasters that can lead to large-scale
casualties within a short time. Previous studies have mainly focused on evacuation models confined to specific
facilities or situations, or on the analysis of individual pedestrian behaviors, thereby limiting their applicability
under diverse environmental conditions. To address these limitations, this study proposes CrowdSim, a DEVS
(Discrete Event System Specification)-based simulation model for safety management of pedestrian streams in
high-density situations. The proposed model is designed to enhance generalizability across various environments
and scenarios by treating pedestrians as independent agents and dynamically simulating their movement, stay, and
density variations within walkway networks. Applying the model to spatial and transportation data from the 2022
Itaewon disaster, the results revealed periodic density fluctuation patterns across the entire walkway network
according to the subway passenger drop-off cycle (every 4 minutes), with a specific edge (nl_n2) showing a rapid
density increase that reached hazardous levels. The proposed model goes beyond simple crowd size prediction
by incorporating time-dependent spatial constraints and crowd flows, and it is expected to serve as a practical
tool for supporting effective crowd safety management and preventive countermeasure planning.
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Fig. 1. Discrete Event System Specification (DEVS) formalism

3.2 DEVS ¥AIZ 7|dt 235 AlZ20|M Z&E

& HoAl= DEVS FAES 7vtes L5E 4%
AlEF ol ZEQl CrowdSim®] 43} 54 Yelg A
AT CrowdSime w59 o5 % AfF e HY
SHAl ZARH 913l 5 W LA HaR), 1Y
Z Y EQIZA AA A5 ATH R HIF5I5ict

3.2.1 Ty Al & AlEdold 24

2 A-tollA= DEVS 4122 7|REe R 3 tha-23]
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Fig. 2. Pedestrian behavior process

ey, ot A2 (Shortest Path)9} 7+ HA = %+
2 A7 Z(Second Shortest Path) = sPUE SEZ O
2 AElslo] o] F(Walkway Movement)S 7JASHC] o]%
oI M YEYD Y e 1S aaEoR
o1, 7t e EA} A| Ba] B ojng i)
(Destination Arrival). S2%|o] =&5hH 44 AI7F &5
ot A5 F=-& 43Y(Destination Stay)d}H, Z|F AJ7to)
FaEw ZUA2e] 29)2 Adwt 23] A 2971
9] AZE AebA(Path Finding)dlal FLgt H3) 78S
HFE(Walkway Movement)d}H, Z¥x|of] T=2KOrigin
Arrival)sPH Rez0] ITR2AHAS Z5H(Pedestrian Removal)
gt
S, Baae] A Hehe Aol HolE BE 74
ol Wt o] RolA R AAIL) 2 MR Foldl
2] - ZH2)OD) 4 Yol 42 A8 shgo] Hojx]
o, A BgA} F 20%= Xt 7 Z(Shortest Path)E,
M| 80%+= F HAZ ZrS thA] 7 Z(Second Shortest

2k}

14 SO ) 4 ol 53 70
B} Mo AYHs 2= 99T}
Fig. 3& Crowd81m FATH= F2 AEXUES} ¢
g1t £9& HojEr) CrowdSime F 7j9] 8 YU}
HE)(Atomic Model) 2 3%t} A4, Pedestrian Atomic
Model-& 7 H3Yx}o] SHMR| 2 HE| L2F2|717] 9] o]
5, BRAolAe) A%, AR a7 B}
= =Ynel DR oulwc 24 naRs 5Ye)
QIAEAR LAEH, DEVS 9xF 2E9] 7o wat
i AbEl, Ql2l/EE oHlE, AlE] AHo] 3 B2 71
t}. &4, Walkway Atomic Model-> R 3x}7} AA|2
olgels wal2 YEYAE SJujsn], 2t myRe] o)
3} AR AEE Al TS S
CrowdSim-2 Pedestrian 223} Walkway 23 719
A 28-S Q8| | 71X ZEQ] WalkStart, WalkEnd,
StayStart, StayEndE A Js}al glom, o5 ZTEE E3
Q] - ¢ oHIEE A]Z|slt). WalkStart= HYx|7| EA

A ABHES 7 S)olA BYR YEJAR ZY
3l o|lEE UEhdT) Pedestrian @ o]A] WalkStart
oHIEES Zeol, oHﬂ ﬂﬂ*lxl Walkway EE“E bl

gEo] BTt o5
WalkEnd+= 23§z} 56}} EE trJra} o|=3t _§_ w270
=g oJHIES ongith o] ofF WA FE AF
o]r, Pedestrian oA WalkEnd &3 o] WAYsHA
Walkway= o|& $A151e] &5t Rajzte] o]ls RS
ARk QO o] oML AR A4 o=
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* waiting_time : Timce a pedestrian waits before departure * moving_time : Remaining time for a pedestrian to reach the next walkway
* staying time : Timea pedestrian stays after arriving YelkStart (i.c., expected arrival time — departure time)
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Fig. 3. Pedestrian & Walkway Atomic model
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3.2.2 Pedestrian Atomic Model

Fig. 39 9% 798 Pedestrian YA+ 28 Lrehd
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ot ol ol =2F AjZtol A FA AZE W glow
4 oJEh STOP Aefjol] d HR7} o3-S Al2tetH
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Bl &2 CONGESTOA Wi zo] ufe} Agoa
A, thal 22 424102 THFCH(1)(Greenshields
5 1935; Weidmann 5 1993; Blue 5 2001; Zhang 5
2012).
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N: T B3Rk (
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=
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£ Afohe oAt obd Bl Sl AlE
glojd mee st o, ol& CrowdSimo|2kal 7
Hat3ick. Table 1= CrowdSim®] ¢} - &9 27gofA]
AREEE T8 S AR
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Table 1. Description of CrowdSim Input-Output Structure
and Data

Data Data
I?\?;z:rslzt ,1]? atz Collection Is)fztz Usage
P Period Purpose
Number of
Boarding Actual October 29, Modeling
.. 2022, from h
and Alighting| Data . 67 | of Incoming
6:00 p.m. to .
Passengers by | (14) 10:00 p.m Population
Time Period A0 pm.
Total Living | Actual October, Modeling
- 2022, from .
Population by | Data ) 3X5 | of Resident
Time Period (15) 6:00 pm. to Population
10:00 p.m.
Actual Modeling
Ny | Dara 2025 | 6262 | of Walkway
(16) Network
Category
Information
L Actual
Destination Data 2005 602 o_f Node
Category (16) in the
Walkway
Network
Average .
> . Pedestrian
Dwell T1rpe Synthetic 13%3 | Dwell Time
and Selection | Data L
. Estimation
Weight

@D =4S 0|MEE| =2

o)Al CrowdSime] #4l 4§ 71s41S AEs] Sis}
of Al 2 AL olo] Haat lolels Sgat
A gk AR, Alue] 2= 202219 of Y AL S
219l 109 299 9.5 18AJ3E] 2241712)2] Alzihe of
Foz A ofof wet oS UThE olEdh=
B3Iz} A ch(Pedestrian) @} oEf =8 =3 Z(Walkway)
2Ye FEe] g8 agt dolEg xsn

411 AZgE 2 59 A4 Hold

& AollA HaA} ol g5 AlEloldshy] 't U
dlojel= oA AIZFHE F3lAk Qe goEE 26
SHATE A2 9, Al Al WD, o9, S8k
i AR, ez FAE ] Aok AER 715d
SAF Q19 = AF =2F ARE 4 70 B s
o, g ARt & A = fR|of A B A
ok Auele A ol 43t F 23inke ANES]
ol A Q14 43,5717 5 ek}l 21,7857k AN

shaic:

4.12 AZHE A 43 A4 Holy

& dllde B HiEQA W 7] E3A U=E
AAsh] SR 49 dlolH 2 ojejdlE 54 HAT
TG Hloleloltk. AYe 7IEd(dH), HA 2
=, T 25, AR, 7= =0 3ok o] Hlo]

-

413 3= YEYS HolH

HY 2 YEYA dloJe= Walkway 2HE HA5}7]
QIet HlolH 2 62719 =0} 1587119 AE Zokgitt
(Fig. 4 &x). 97|14 =E(node)= HaPZ A WA} %]
A Ee AR S ofn|ek, dlA|(edge)= F =
TS ddste AAl Zs - Yehdich

2t Aol Zol(m)oF F(m)o] £/ o= ety
of W3l &£ gl W Alkbol] ST} E3h AR
HA 9 UEHND W 54 =tofA AL
735k, 2 AleollAl= olejeY] Y Fa EUF
=C(el, e2)of|A] HaPaprt TAshs Aos AAskich
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Table 2. Destination selection weights and mean stay time
by category

category weight mean_stay_min
Bar 0.5 60
Club 0.12 90
Restaurant 0.1 30
Shopping Mall 0.1 20
Café/Dessert 0.1 45
Fashion Store 0.05 20
Karaoke 0.015 35
Guesthouse 0.005 360
Residence 0.003 360
Furniture/Interior 0.002 30
Party Room 0.002 120
Gallery 0.002 25
Studio 0.001 45
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