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Emergency Evacuation Model and Simulation Analysis of Urban Metro

Passenger Flow Based on Emergency Events
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Abstract: The emergency evacuation of metro station passenger flow is studied in the perspective of combination modeling
in the event of emergencies. Firstly, the influencing factors of passenger flow outburst and its evacuation is analyzed. A
cellular automata theory-based combined model on emergency evacuation of subway passenger volume is constructed,
including optimal route choice model, pedestrian movement model, obstacle avoidance model, lane change and
transcendence models, etc. Following an empirical research on the Qinglongsi Subway Station in Xi'an, the AnyLogic
simulation platform is adopted to simulate and analyze the emergency evacuation process of passenger flow. The result
indicates that the channel located between the platform floor and the underground hall will be crowded if the exit and path
information cannot be obtained timely and completely as the pedestrian flow intensity is relatively large under the

emergency evacuation process. However, the crowds could be evacuated effectively with the real-time release of evacuation

information and under the guidance of the order of the flow and its walking path.
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Figure 2 Pedestrian moving lattice map
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Figure 4 Obstacle avoidance model
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Figure 7 Flow chart of lane change and transcendence
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Figure 9 Plane graph of Xi'an Qinglongsi Metro Station
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Figure 10 Passenger flow evacuation diagram of Xi'an Qinglongsi Metro Station



FBE 55, M IR TSRO T Ak R U SO O 5 ) B0 105

350
300
250 |
200
150 |
100 |
so b

N O TIN

1 2 3 4 5 6 7
fiJ 7] /min

B 1 ARSI

Figure 11 Evacuation simulation

3.3 FRAFZEESN

M EERERT LUR Y, RO FEARAER, 3G
R 5T R Z AR EIE A S HERUR RN 5L, IR H.
OISR . TR SR A AR, 352
PNIABESLT i €I =P A D L INE B
HPEEI R . Kb, ELbrmiodfEd, Higksh
IRAE A 5y R BUK# BE R AL 22 HE AR N B3 3k AT
BT, R N FEN BTG RN A T

4 it

AL REFAM NE 5, FET oA sl
W, AL THERR RN R A AR, Ed
AnyLogictfll, XJ 9Kk ZRIE N T N S fod F2 it
ITT OIS BRI ERKFMT, b
BN BB ) 2 b, EB RO AR F, WIh
NEI I — € R EA S R IRE BUSTh 2, (A
IR B I B] 2> Bl AR N B IS R AR K B AR
SEAEEFE RO, B TFATHRBES) BRI A A
mH S HEEKERNMAN, BEE—E N Z, AL
FREANSL ST BRI, Ao Hr 7k py g
R BN DA S B O R N E B AL N
PG 22 1k DL R F A 4 T b 2K A L T o) A B ) %
BT BRI 7 2% 5K B TEEbZ
I BLE T B AH IS0 B 7T 1) B SCHE B L0 B
TATE G E S I 5 T 70 R O B 2
WHoe, KB IESE, AT AT A& bR,

B E Lk

[ 1] TOGAWA K. Study of fire escapes basing on the observation of
multitude current{M]. Tokyo: Building Research Institute, Min-
istry of Construction, Tokyo, 1995.

[2] MURAMATSU M, IRIE T, NAGATANI T. Jamming trans-

ition in pedestrian counter flow[J]. Physica A: Statistical Mech-
anics and Its Applications, 1999, 267(3-4): 487-498.

[3]1SONG W, YU Y, WANG B, et al. Evacuation behaviors at exit
in CA model with force essentials: a comparison with social
force model[J]. Physica A: Statistical Mechanics and Its Applic-
ations, 2006, 371(2): 658-666.

[4]LIQ, FANG Z, LI Q, et al. Multiobjective evacuation route as-
signment model based on genetic algorithm[C/OL].(2010-09-
09). https://ieeexplore.ieee.org/document/5567485.

[ 5] SHIWAKOTI N, TAY R, STASINOPOULOS P, et al. Likely
behaviours of passengers under emergency evacuation in train
station[J]. Safety Science, 2017, 91: 40-48.

[6]1 SONG X, PAN Y, JIANG J, et al. Numerical investigation on
the evacuation of passengers in metro train fire[J]. Procedia En-
gineering, 2018, 211: 644-650.

[7]4&5, AR, BRIE, &5, 3LT 700 B ZhL R 1347 N 2SIl
WA BT[], PIFE2EAR, 2008, 57(11): 6901-6908.

YUE Hao, SHAO Chunfu, CHEN Xiaoming, et al. Simulation
of bi-directional pedestrian flow based on cellular automata
model[J]. Acta Physica Sinica, 2008, 57(11): 6901-6908.

[81 T3, Bhse, SRR, 55 Mk SR 4 T & BT
AT HE 2R ER, 2009, 5(1): 53-58.

HE Li, ZHONG Maohua, SHI Congling, et al. Investigation on
evacuation behavior of passenger in metro emergency[J]. Journ-
al of Safety Science and Technology, 2009, 5(1): 53-58.

[91AR® DS, RAK, TRIM, &5, N 53 % 239 BT R K R HUN B
BRRE 1M (3], T B A A PR ROR, 2010, 6(2): 39-43.
REN Changxing, ZHANG Xin, ZHANG Wang, et al. Analysis
on the emergency evacuation capabilities in fire accidents of as-
sembly occupancies[J]. Journal of Safety Science and Techno-
logy, 2010, 6(2): 39-43.

[10] 3Kifgsy, Hlifk 7 . Stttk o DRI EAT Nt FE (D). 155
HLILAES N, 2013, 49(16): 236-239.

ZHANG Haijun, SHI Huaji. Research of bi-directional pedestri-
an flow’s model on modification of social force[J]. Computer
Engineering and Applications, 2013, 49(16): 236-239.

[11] B, 2T B THRE A7 B PUE S8 S 220l K% R
B A ERE PR K ELER[T). 2445, 2018, 39(3): 35-38.

[12] X PE. 3T I8 AC 8 22wk L B ADT L 9], SR B Ig i,
2018, 40(2): 64-69, 72.

LIU Zhiping. Simulation analysis of emergency evacuation at
urban rail transit station[J]. China Transportation Review, 2018,
40(2): 64-69, 72.

[13] {5 %F, JFIF, 4. 55T Benders /) fift ) 65 5 5 4 % SV (0]
KD H TR (B R B EAR), 2018, 15(2): 16-20, 42.
FENG Xuan, ZHOU Heping, PENG Wei. Robust shortest path
algorithm based on Benders decomposition[J]. Journal of
Changsha University of Science and Technology (Natural Sci-
ence), 2018, 15(2): 16-20, 42.

[14] SEREEE, R ZE, G, 45 B M. b5t B2 AL,
2016.

[15]1J1 ], LU L, JIN Z, et al. A cellular automata model for high-


https://doi.org/10.1016/S0378-4371(99)00018-7
https://doi.org/10.1016/S0378-4371(99)00018-7
https://doi.org/10.1016/S0378-4371(99)00018-7
https://doi.org/10.1016/j.physa.2006.03.027
https://doi.org/10.1016/j.physa.2006.03.027
https://doi.org/10.1016/j.physa.2006.03.027
https://ieeexplore.ieee.org/document/5567485
https://doi.org/10.1016/j.ssci.2016.07.017
https://doi.org/10.1016/j.proeng.2017.12.059
https://doi.org/10.1016/j.proeng.2017.12.059
https://doi.org/10.1016/j.proeng.2017.12.059
https://doi.org/10.3321/j.issn:1000-3290.2008.11.033
https://doi.org/10.3321/j.issn:1000-3290.2008.11.033
https://doi.org/10.3778/j.issn.1002-8331.1111-0626
https://doi.org/10.3778/j.issn.1002-8331.1111-0626
https://doi.org/10.3778/j.issn.1002-8331.1111-0626
https://doi.org/10.3778/j.issn.1002-8331.1111-0626
https://doi.org/10.3969/j.issn.1002-3631.2018.03.010
https://doi.org/10.1016/S0378-4371(99)00018-7
https://doi.org/10.1016/S0378-4371(99)00018-7
https://doi.org/10.1016/S0378-4371(99)00018-7
https://doi.org/10.1016/j.physa.2006.03.027
https://doi.org/10.1016/j.physa.2006.03.027
https://doi.org/10.1016/j.physa.2006.03.027
https://ieeexplore.ieee.org/document/5567485
https://doi.org/10.1016/j.ssci.2016.07.017
https://doi.org/10.1016/j.proeng.2017.12.059
https://doi.org/10.1016/j.proeng.2017.12.059
https://doi.org/10.1016/j.proeng.2017.12.059
https://doi.org/10.3321/j.issn:1000-3290.2008.11.033
https://doi.org/10.3321/j.issn:1000-3290.2008.11.033
https://doi.org/10.3778/j.issn.1002-8331.1111-0626
https://doi.org/10.3778/j.issn.1002-8331.1111-0626
https://doi.org/10.3778/j.issn.1002-8331.1111-0626
https://doi.org/10.3778/j.issn.1002-8331.1111-0626
https://doi.org/10.3969/j.issn.1002-3631.2018.03.010

106 Tk T2 23 3%

density crowd evacuation using triangle grids[J]. Physica A:
Statistical Mechanics and Its Applications, 2018, 509: 1034-
1045.

[16] GAO J, DAI L, GAN X. Traffic flow and safety analysis[J].
Theoretical and Applied Mechanics Letters, 2018, 8(5): 304-
314.

[17] BRGNS, B, e s, 2T oM B shHLAIAT A0 AT

R HHATE, 2009, 26(8): 246-248, 257.
CHEN Zhipeng, XUE Huifeng, KOU Xiaodong. Simulation of
pedestrian model based on cellular automaton[J]. Computer
Simulation, 2009, 26(8): 246-248, 257.

[18] YANG X, BAN X, MITCHELL J, et al. Modeling multimodal

transportation network emergency evacuation considering

(LEF837W)

[6] TIACCI L, SAETTA S. A heuristic for balancing the inventory
level of different locations through lateral shipments[J]. Interna-
tional Journal of Production Economics, 2011, 131(1): 87-95.

[7]1LIX, SUNL, GAO J. Coordinating preventive lateral transship-
ment between two locations[J]. Computers & Industrial Engin-
eering, 2013, 66(4): 933-943.

[ 81 DAN B, HE Q, ZHENG K, et al. Ordering and pricing model of
retailers’ preventive transshipment dominated by manufacturer
with conditional return[J]. Computers & Industrial Engineering,
2016, 100: 24-33.

9 JERK, BEPRAZ, 2R By 2 B B i B TR M 1) R R
TR PSRRI AY[T]. B B T AR 23K, 2017, 31(1): 133-141.
DAN Bin, HE Qingren, LI Yuyu. Decision-making model of
preventive lateral transshipment and ordering for perishable
product in multi periods[J]. Journal of Industrial Engineering &
Engineering Management, 2017, 31(1): 133-141.

[10] ZE825, FERE. 2 8545 IR IE I ol RE DL R A7 T ok SR 0 Hr——
TR MR R SRR A T]. RG AR, 2016, 34(6): 112-118.

LI Xiaohong, KANG Yao. Study on inventory sharing for multi-
locations: based on the preventive lateral transshiment
strategy[J]. Systems Engineering, 2016, 34(6): 112-118.

[11] BN —. FETATCHIE R EE AL BT D]. A AL: d ERFERR
KA, 2006.

LING Liuyi. ATC-based supply chain optimization design[D].

evacuees’ cooperative behavior[J]. Transportation Research Pro-
cedia, 2017, 23: 1038-1058.

[19] BRERTE, Tk A, 2705, 5. 5 p800 B K 77 B HL Bkt 5 e 6% L
BERI[I]. A0Sk TRE24, 2017, 17(5): 113-120.
CHEN Shaokuan, DI Yue, LI Fang, et al. Passenger evacuation
model of metro platform considering psychological stress[J].
Journal of Traffic and Transportation Engineering, 2017, 17(5):
113-120.

[20] SHI Meng, LEE E W M, MA Y. A novel grid-based mesoscop-
ic model for evacuation dynamics[J]. Physica A: Statistical
Mechanics and Its Applications, 2018, 497: 198-210.

iR E: K 2)

Hefei: University of Science and Technology of China, 2006.

[121 QU T. Analytical target cascading for decentralized supply
chain configuration[D]. Hong Kong: The University of Hong
Kong, 2008.

[13] QU T, HUANG G Q, CUNG V, et al. Optimal configuration of
assembly supply chains using analytical target cascading[J]. In-
ternational Journal of Production Research, 2010, 48(23): 6883-
6907.

[14] QU T, HUANG G Q, CHEN X, et al. Extending analytical tar-
get cascading for optimal supply chain network configuration of
a product family[J]. International Journal of Computer Integ-
rated Manufacturing, 2009, 22(11): 1012-1023.

[15]HE J G, CHEN X, CHEN X D, et al. Distributed production
planning based on ATC and MOILP considering different co-
ordination patterns[J]. Journal of Intelligent Manufacturing,
2016, 27(5): 1067-1084.

[16] ZHANG Y, QU T, NIE D X, et al. Optimal configuration of
cluster supply chains considering workload and safe stock bal-
ancing with analytic target cascading[M]. Paris: Atlantis Press,
2016.

[17] Ftit . Tl 22 1 S B ST S (D). 7 3
2, 2014,
GU Haiyan. Research on the total scale of urban construction

BVIFEPN

land[D]. Nanjing: Nanjing Normal University, 2014.
GG x| 8


https://doi.org/10.1016/j.physa.2018.06.055
https://doi.org/10.1016/j.physa.2018.06.055
https://doi.org/10.1016/j.taml.2018.05.005
https://doi.org/10.3969/j.issn.1006-9348.2009.08.060
https://doi.org/10.3969/j.issn.1006-9348.2009.08.060
https://doi.org/10.3969/j.issn.1006-9348.2009.08.060
https://doi.org/10.1016/j.trpro.2017.05.057
https://doi.org/10.1016/j.trpro.2017.05.057
https://doi.org/10.1016/j.trpro.2017.05.057
https://doi.org/10.3969/j.issn.1671-1637.2017.05.011
https://doi.org/10.3969/j.issn.1671-1637.2017.05.011
https://doi.org/10.1016/j.physa.2017.12.139
https://doi.org/10.1016/j.physa.2017.12.139
https://doi.org/10.1016/j.physa.2018.06.055
https://doi.org/10.1016/j.physa.2018.06.055
https://doi.org/10.1016/j.taml.2018.05.005
https://doi.org/10.3969/j.issn.1006-9348.2009.08.060
https://doi.org/10.3969/j.issn.1006-9348.2009.08.060
https://doi.org/10.3969/j.issn.1006-9348.2009.08.060
https://doi.org/10.1016/j.trpro.2017.05.057
https://doi.org/10.1016/j.trpro.2017.05.057
https://doi.org/10.1016/j.trpro.2017.05.057
https://doi.org/10.3969/j.issn.1671-1637.2017.05.011
https://doi.org/10.3969/j.issn.1671-1637.2017.05.011
https://doi.org/10.1016/j.physa.2017.12.139
https://doi.org/10.1016/j.physa.2017.12.139
https://doi.org/10.1016/j.physa.2018.06.055
https://doi.org/10.1016/j.physa.2018.06.055
https://doi.org/10.1016/j.taml.2018.05.005
https://doi.org/10.3969/j.issn.1006-9348.2009.08.060
https://doi.org/10.3969/j.issn.1006-9348.2009.08.060
https://doi.org/10.3969/j.issn.1006-9348.2009.08.060
https://doi.org/10.1016/j.physa.2018.06.055
https://doi.org/10.1016/j.physa.2018.06.055
https://doi.org/10.1016/j.taml.2018.05.005
https://doi.org/10.3969/j.issn.1006-9348.2009.08.060
https://doi.org/10.3969/j.issn.1006-9348.2009.08.060
https://doi.org/10.3969/j.issn.1006-9348.2009.08.060
https://doi.org/10.1016/j.trpro.2017.05.057
https://doi.org/10.1016/j.trpro.2017.05.057
https://doi.org/10.1016/j.trpro.2017.05.057
https://doi.org/10.3969/j.issn.1671-1637.2017.05.011
https://doi.org/10.3969/j.issn.1671-1637.2017.05.011
https://doi.org/10.1016/j.physa.2017.12.139
https://doi.org/10.1016/j.physa.2017.12.139
https://doi.org/10.1016/j.trpro.2017.05.057
https://doi.org/10.1016/j.trpro.2017.05.057
https://doi.org/10.1016/j.trpro.2017.05.057
https://doi.org/10.3969/j.issn.1671-1637.2017.05.011
https://doi.org/10.3969/j.issn.1671-1637.2017.05.011
https://doi.org/10.1016/j.physa.2017.12.139
https://doi.org/10.1016/j.physa.2017.12.139
https://doi.org/10.1016/j.ijpe.2010.04.034
https://doi.org/10.1016/j.ijpe.2010.04.034
https://doi.org/10.1080/00207540903307631
https://doi.org/10.1080/00207540903307631
https://doi.org/10.1080/09511920802616807
https://doi.org/10.1080/09511920802616807
https://doi.org/10.1080/09511920802616807
https://doi.org/10.1007/s10845-014-0935-2
https://doi.org/10.1016/j.ijpe.2010.04.034
https://doi.org/10.1016/j.ijpe.2010.04.034
https://doi.org/10.1080/00207540903307631
https://doi.org/10.1080/00207540903307631
https://doi.org/10.1080/09511920802616807
https://doi.org/10.1080/09511920802616807
https://doi.org/10.1080/09511920802616807
https://doi.org/10.1007/s10845-014-0935-2
https://doi.org/10.1016/j.ijpe.2010.04.034
https://doi.org/10.1016/j.ijpe.2010.04.034
https://doi.org/10.1080/00207540903307631
https://doi.org/10.1080/00207540903307631
https://doi.org/10.1080/09511920802616807
https://doi.org/10.1080/09511920802616807
https://doi.org/10.1080/09511920802616807
https://doi.org/10.1007/s10845-014-0935-2

