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An Analysis on Evacuation Scenario at Metro-stations
using Pedestrian Movement-based Simulation Model
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ABSTRACT

A subway system is one of the major transportation modes at a metropolitan area. When it meets the other lines, the metro
station, so-called transferring station, is usually threatened by severe pedestrian congestion and safety issue of transit users
including the transportation vulnerable. Although transportation planners forecast travel demand at the beginning, it is not easy to
predict pedestrian flows precisely for a long term if land use plans have dramatically changed. Due to expensive costs, structural
extension of metro stations is limited. Therefore, it requires efficient and technical improvements as meeting the demand of
pedestrian and physical characteristics. In this study, the core mechanism of pedestrian movement-based simulation model was
introduced and evacuation scenarios were analyzed with the developed model. As a result, the multiple optimal routes for
unexpected events at the solid space of the multiple stories are easily searched through the simulator and in the case of Sadang
Station, travel time can be reduced by 60% when the evacuation information and intuitive design are provided.

Key words : Pedestrian Movement, Mesoscopic Simulation, Metro-station, Evacuation Scenario Analysis
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{ Visualizing Results
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(Fig. 1> Framework for the Pedestrian Movement-based Simulation Model
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Step 1

(Fig. 4> Pedestrian Network for Route Choice
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Macroscopic Analytic Approach

{ Splitting the width for a pedestrian passage }

Directionally splitting the width for pedestrians based
on the pedestrian flow

Route={Direction 1, Direction 2, ...}

|

{ Splitting the width for a route J

Splitting the width for a route based on the ratio of
the pedestrian flow

Direction 1={Path 1, Path 2, ...}
Direction 2={Path 5, Path 8, ...}

|

{ Applying Queuing theory J
Calculating the que length for split width based on the
queuing theory
{ Summarizing the calculated results }

Summing the calculated results based on the same
direction and route

========

[ Calculating travel time using a lookup table ]

Searching a speed for the designated condition from
a lookup table, and

Calculating the travel time for each direction and
route based onthe speed and the pedestrian flow

v

‘ Producing the level-of-service at subway station ‘

Microscopic Analytic Approach

Calculating a vector for pedestrian Movement-based model

with the variables such as modified inertia, local best, global
bestand crowd best

l

‘ Calculating a speed vector using the formulation

Discretizing the calculated vector

‘ Finding the projected approximate of the grid model vector ‘

}

Estimating pedestrian speed based on density

‘ Calculating a speed including acceleration and deceleration ‘

}

Tracking the pedestrian trajectories by the movement vector

‘ x(t+1) = x(t) + [v(t+1) X speed] ‘

.

Lookup table

(Fig. 5> Framework of Hybrid Pedestrian Movement-based Model
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(Table 1) Travel Time and Path-Based Distance to Exits (Current Condition)

o Travel Time (min) Path-based Distance (m)

Destination Min Ave Max Min Ave Max

Exit 01 1.6 39 7.8 1144 279.9 562.3

Exit 02 L5 38 7.7 109.2 274.7 557.1

Exit 03 22 49 9.1 1539 344.1 650.8

Exit 04 2.6 52 9.5 1779 368.1 674.8

Exit 05 1.6 4.1 8.0 107.1 286.1 571.6

Exit 06 15 4.0 8.0 109.9 288.9 5744

Exit 07 L5 4.0 8.0 108.0 287.0 572.5

Exit 08 L5 4.0 79 106.8 285.8 5713

Exit 09 1.8 5.1 7.5 115.8 3534 5219

Exit 10 1.5 4.8 72 110.8 348.4 516.9

Exit 11 1.3 4.6 7.0 95.2 3328 501.3

Exit 12 13 4.6 7.0 94.7 3323 500.8

Exit 13 1.6 39 7.8 111.7 277.2 559.6

Exit 14 1.7 4.0 79 111.2 276.7 559.1

Summary 13 43 9.5 94.7 309.7 674.8
2. AlEd0|d EM 3t Ao A s dIsts 9.58S VR tiF A

U oo E443et nlwsazt 3o
1) sig 24
AP nay 1%d 5AFS ggqgsz 4y 2 HI ALREIe B4
Stal, EAEESGA HUHE AlEdolE Y FEAY ta Ayl 4 23 <Table 2>9 2om,
TE, Hybrid R f% ¢1gE ZEY &34 o A Ay s 9 VIFHARE AR, 7
Ag A8gste] BMd A, 454 0 F2 5% oA A A2 A 272 AASAG &=
Aol AARE A 3} 450254 B5AA B @, AYFF ALS T AT AdEe
2OIS 220 BAFYgo] g e A0 b BAA, QA debiolHE Ags g Ao
Byttt oo Alug st vu A S Asl, 4% 2 7Hgslon, 011/\74311013?: Rk At &
AM AT BF By FIFE VTR, 74 =9 A ATte] AL E = 2 Ayt B8kl
% 340% Sh A2 B0 L AR 4 o A Addle BAS SABEAN B8 A
BATAN FEAYOH, 254, 454 $RFAN  BACHAA ANFAL Qe L0S AxE Hgate
ETE JIote 4 TR 1L3RAA 9587} o A7 dAA ¢ «l@oi Hx, AW, B F
A 208E Ao UEy olg dvd A=y WA FAAYE waPRoE AP
A 22 uTmolA 74smol o2& Ae® ) FF 2vh 9dshd ia AES AFE o gk
E}th. <Table 1> = AZAY ¢ Eo &) o] Ayel e 19 A, EAEE o] §AEe] BE
$Ah M bsdtn ANE 42 28 F Ak, SAR0RRH A85d A9 420 94T 2
Ao, H# FAANS B Agelvh. FAES T2 gEdgoed, 129 79 49 79 Uy
H“ﬁf‘l o] iy o]FAE HRE AFsA & ol & F7t 7HE e AoE BEAHIG 234
S RS, dutd o A4 AR By 71FH 9 S NA 192d, sH-sH, 13W-140 2T E O
B o

i (fﬂ%mﬂ =78t *ﬂﬂoﬂ =23 o] 447}
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(Table 2) Travel Time and Path-Based Distance to Exits (Emergency Case 1-3)

Casel Case 2 Case 3
Destination Trave1. Time P.ath—based Travel. Time P?ﬂl—based TraveI. Time P;lﬂl—based
(min) Distance(m) (min) Distance(m) (min) Distance(m)
Min Max Min Max Min Max Min Max Min | Max Min Max
Exit 01 1.6 1.6 1144 114.4 - - - - 1.6 1.6 1144 114.4
Exit 02 15 1.5 109.2 109.2 - - - - 15 1.5 109.2 109.2
Exit 03 31 3.1 191.6 191.6 2.3 3.1 1539 191.6 3.1 3.1 191.6 191.6
Exit 04 34 34 215.6 215.6 2.6 34 177.9 215.6 34 34 215.6 215.6
Exit 05 1.6 1.6 107.1 107.1 - - - - 1.6 1.6 107.1 107.1
Exit 06 1.5 1.5 109.9 109.9 - - - - 1.5 1.5 109.9 109.9
Exit 07 1.5 1.5 108.0 108.0 - - - - 1.5 1.5 108.0 108.0
Exit 08 15 1.5 106.8 106.8 - - - - 1.5 1.5 106.8 106.8
Exit 09 - - - - - - - - - - - -
Exit 10 - - - - - - - - - - - -
Exit 11 1.5 2.7 952 176.6 1.6 3.1 952 195.1 - - - -
Exit 12 1.5 2.7 94.7 176.1 1.6 3.1 94.7 194.6 - - - -
Exit 13 1.6 1.6 111.7 111.7 - - - - 1.7 3.8 1117 254.0
Exit 14 1.7 1.7 111.2 111.2 - - - - 1.7 3.8 111.2 2535
Summary 1.5 34 94.7 215.6 1.6 34 94.7 215.6 1.5 3.8 106.8 254.0
SARE JE, 434 SHRAA ETE AAEE Tbgel &85 = AR YN
RE Ae 3849, 19128 e ALdd o AV L 13 B4 A, gu4e 4RE AT
ot Aoz Uegt 297 11H-128<S A9 & AL, olBA B BY 36%~40% T
stiie SUTE HA FHARY Ho FPAT gAZko] 28 FHY, 43 et ALEE dy 3
Aol Bk Lhebs 2 5ok B45E AR Aol Uehta ok
AURIL 29 A%, A48T FYTE W4 o)dF BH AR $AA BE OuPzRA g
H, 112902 dA3 Zoj51, B3 713 AEA T Faddl telA AlAtstes Bl A0
q

2978 HaAY 2847k 28] 4 Fol7} V.2 =
gt 43S A3 mE dAR F3E 100%
28 F UME Avel e 13 Hud f, 119-12 TR F5& g9t de nereY ¢
W EFE VEoE 3= T 1% olsAYE Adle AFESTY] wgd A A AAFLE F
20m 7} %7}‘8}% Aog Yetgth 7hstan glom, Izt F5dde] HAH woAH
Al 39 A, 434 $ARE ol &t o A o] & & AA| JetgrA o Frlsta Yt
o 0137%‘% T2 Agste -2 7 9 2 o2 Q3 HI dFuFHE HALE dAE
H THFE AHEEA XA "ok AlvE L 2 FAR oA 1 Yot B3], EAAEE YR
7b a9 EYFHE AL da el B8 A5 7 WIS 88t Yl dEeu s
I, Ay e 3 Bt ojs A 9 FAATE AA 7} oln, EAFEAAE= EAHE o] &2 &9
A el @4ol veidt Alvg e 39 A des AYAE F93 98& 1 Yo =9
T, ABYE HAF AL FAEE A 38E ol&+8 WMo} FH EFolE AY F OIS A
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