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Optimization and Simulation Analysis of Emergency Evacuation Paths in
Subway Transfer Stations Considering Passenger Evacuation Efficiency
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Abstract : To enhance the emergency evacuation efficiency in subway transfer stations while balancing evacuation

time, facility congestion, and passage safety, this paper focuses on the optimization and simulation of
emergency evacuation paths. An evacuation optimization model that accounts for passenger heterogeneity
is constructed, abstracting the physical space of the transfer station into an undirected weighted graph.
A multi-objective mathematical model is established with the goals of minimizing total evacuation time,
average congestion, and total safety risks. The Pareto optimal set is solved using an improved non—
dominated sorting genetic algorithm, and the optimal solution is selected through the ideal point method.

A 1:1 simulation platform is developed, and three types of comparative scenarios—"baseline," "single—
objective," and "multi-objective"—are designed. Simulation analysis verifies the optimization effects: the
average evacuation time in the multi-objective scenario (222 seconds) is 27.2% shorter than the baseline
(305 seconds), the maximum congestion (2.8 persons/m?) is significantly lower than the baseline (5.2
persons/m?), the incidence of safety accidents (0.8 incidents) is reduced by 89.5%, and the standard
deviation of exit passenger flow distribution (4.8) reflects improved balance. Additionally, the multi—
objective strategy outperforms the single—objective strategy in terms of robustness and practicality.
Based on the results, four categories of improvement strategies—facility optimization, signage guidance,
passenger flow control, and scenario-based contingency plans—are proposed, providing theoretical and

practical support for emergency evacuation in subway transfer stations.

Keywords : subway transfer station; emergency evacuation; path optimization; multi-objective

optimization

515

BEA ST BERRAMA, Bk OO KI T A MBI DHAR, T TRl (F o 2 e 2 IR AL, HAs| ?2:’;71‘@”5'2%%‘ E=sii}

[

FHIREMBRIT, IR, BN PO RTERAFET, MAiIER S 2 e B R R R Ay 2 - Shei

Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License. | 019



M TF2 | ARCHITECTURAL ENGINEERING

FRGNFEIEIT. A ATHI BT N S BT o8 TS —E b, (A =T OB R R AR . SR LE AT, AT gk
Bl BRI ZR BRI 0 BRR, ISR “BRIROUIL — (7 ELIGIIE - Sl JRITRGMEITe.

—. BERERBUENN IR MRS

(—) HEMLEEICIERDEE

b 90 T8 il 11y L 2 ] R 5 Dy I ] AL T ol s R
%, HARRERSHPTT, BARERAR, MENREEE, 5
FOPRRA, ML, BARESEMEN; a5EEL
5%, BoOEERKE, WTEE, SOuTe e X
e R TBATIE B (MO EE ) K SnEdE e, Wi
BRI FFEEAEN LAm/s . 240 0.8m/s, B ™ 710.7m/s.
FAT05mss, MHGAZ—R 0.4m/s, IS 6% s N o
o 24 IR R AL AL BRA i i B 5 i AT AR ) 19 FAE R 47
< 0.6 ALK, 0.6~0.9 AHIXEE:, >0.9 0@ K. WZ5 MR
FEALAT, JET CADEI4UHI G T A5k, 456 e ST (E =
M, BIEEETE, S5 Visio B Matlab &3 NE, T AT
T BHUA M LA

(=) SEFERICHFEREST

2 BFRICICIT DIRTHER BUSCE 0D, B SRR HT BN T i
AL P AT S e e S m/ N A BRI, TR
FAE O-17 6 (FIREF S G IR ) MBS = (flid3
BPRAEFLIN LIWETHE ) o HEN 2AlR, 52T Bl
SCRMRNEARZ, WL AERKE, OEFE, INERZE,
XU PR RO B R R A ) L AT AAEGR O RER B 14T
fE, & M, R B B e B e M T TR
PRSI Z RIS, BAR M [A] o A5 0004 T I TR] 2055 8 im a1
KoM ST AR B bR 4 e i ) A S o E
TTREIT A PHAME, SEE A AT 44T, S X s/N B iR
DTSk B0 530 e 4 XU ZR IS T B e s T SRR, PR s XL
B DI i b P R A R TR T (R A
P L AR GBI R EITRES ) | B RsEEM:
(BRIE UL — SRS ) MARALHR (B EIUE SR

(=) EESRERE RIS

2 BRI oA AR B P i (2 0 (NSGA-11)
SRR SFCERANEE, R B, ATt B S
FoRo EN AR, BOFARRGRD ( kR R I,
SHERF TS ) |« 1N R EOE I B BT (I
[M0.4, HIHFE0.3, %4 0.3) A NP HIR, TR &%
(RIH10.1, J5#10.02) ; BEGEN, B 100017k,
HATARSCECHEFr S0 O, B AR TR R . B SRR
SREA AR, RIS IR HT 10044, 1248500
PEk B ARICSUR S 0 SR AE P SR AR SR B S B R R
MR BB B 728, RO /N R 2R 22 <5%,
SRR BT ORTSE N (elURAE L <10% ) .

—. SRR NSRBI E AR5 gt

(—) SRS {AEIFREE

eI ELEABTEA DL 1L S BLAs [ . A% 94 [T Fic 48 it
JEEE” i, BTSSR (T 32 6 A
M) SChrEdE A = Bsem e 88— Boh IR AR S, i
BAVART . CAD EACERIIE R (1152 54 120m . 98
12m) | hEME (24 GFIFL, FEETEA 15 A /min) &
Him (Rl 1 B2 B4 A /m? , TR IEL L4 65%.
BIE16%, WHTAEE 20% ) , KRS bRE RS . E
BA JUABHIAEE, 7 AnyLogic %4> EERGE M E T 3 2
FHH R UABE, S CAD LUk R T, s, Wil
FIERAR I A MREL, IINETHURIA (5m YERALARA] ) FIR
RUTHE (I AR A 8m ) | IR A A
FE=BOY IR R S B T, SRR il
WA ESHE (S ST 0.7m/s, B > 3 /m® I %80,
F0.84%; MALEFTIAI4s, HEBA> 5 AWTF/Ea ML) , JfE
SR - B, BRI R S RS S —,

(Z) RETAERSHIL

AT NBEMEET ARG - TR E D) WA, i
“BLZAIN — SCRMHE — GURMESIE” ST B8 M TR
ZHOEN FE I G, FE . B4R, #ERT TR R
Bohd 458 1.2-1.5m/s, 0.6-0.9m/s, 0.8-1.0m/s, i
PRI R, SO () 4 238D . BAES-TRb . HEAAT
FH 4-6F0; FRIRIABIZEE H90%. B 60%, NARI T
FE15-20 N E 43 a5, EAEARIARI T . BT SR
ZHREL, BTN (FEEEET0% ., E4E85%, RETHAMLY
KIMHETF) 5 BEEFTRH CGBEERE 0.3-0.5m, HEFL30%,
AT ERERR95% ) 5 PIHFXT (5 > 4 A /m? I, HFE60%F
FARCERAR, EEL30%, FHBI0BBIERI LT " 24
T SRR R, TR SRR < 8%, A H B UK
ZHE G, MR T BT AR,

(=) FESERARIGH

1 ELSE 6 DR AE (A0 B G R0 iz 0, SR < Bsft — e
17 WIS T =285, B st (iniefeigs) . H1E
RS (U ) 2 BFRIEE 56 CINTA] - 98 -4
) Y, MRS — 800 A (15405384 A, 25 %
336N BT80N . SEFA AT 154 E HH (108 )F
FHIAHAT ) , (I 104048 M bR G- SR
B () | BeRFHTE (4r) | Radilkas (B K&
HOEFATIAE (k) |, SR 10N (FEfL
WORRIIGOIE )« 3o FUIAIBRFHE . (5 (p < 0.05 8 23)
IR, Tt O, A7 SRR SIS (R
+10%., # M £16%) , HIERAN < 12% W Fs i G AT,

020 | Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License.



TPREEIE T

=. (FEERAITEHRIRITHE

(—) FEZRaMER

i A AR PR R E NS =R S 2R, &K
PIRAST AR Teg Pl (AR, B4, ifrasat) |
LKA S R A BE O Hefitg B 1 B2 A SR SR PR 1A
PGS, TR EITS O HARIA R 2 s, B4
T0% T 15 £ BFRIGSREINEN AT, S8 EE
e <20%, BESENTEE RS E X, B ERE
PIAT (24 A /m? ) | B (2-4 A /m?) | 4k (<2 A /m? ) 2%
FESAT, RURIF QORI , SRR I SIEE SR E (5.2 A
/m* ), ERGROARKEL/N, £ B EIUNEFERE S (2.8
N/m?) , HEHUSREILE R (AP 458D ) o RN
M7 E R, g s iide “Seisia” |, fedeseplim 320
By B HER280F; £ AR gk, ey
220FD, FRAUFEE GRHLIN A2 40N (BAESHELE R,
A0 ", HORRAEOHKEN, £ HiRmRSH b
B15 (1522%, 2519%%) , MufZE(L4.8, #RpE—HON
B, ISR

(=) EistmxitL i

BT 10 EE N EMBEEUR, U220 ik L 2
R, SFEISREUN T, SRR (3058)) , NEFgEHS
A R R E R 2687, AP 21
IR RN AR B S L A TOR, AT 22280, 1t
27.2%, HABRITEEINFZERsHIE 26T, ARBIA P, ek
PH A, AR Es2 A /m? (REEY) . HT
Bz 45 A /m?, £ ERGRN28 A /m?, FrEREE TR AT
T RBATREST 80%, TEITIEEAARE 0.5m/s DAL, 2ea gtk AE58 )y
T, HSEGETHH 86 I (R TR SIEEIAL ) . SR E
$5.21K, £ HIRmEL 0.8 (KIARMIER) , R RS
LA i, O &R RS A T, B R 10.2
(1 5HHAFT 140%, 650 48%) , HHMEESS, £ Hirzs
4.8, FFATH AR 80%—110% 2 7], SEELE ISR o
Z AT RAERCR . &4, B I RERTHAE R,

(=) RICRBEE R

Z BB AR RE (ISR 9057 - et ) ACE, %
&, EHEME SR DU AR P R B AR, R b,

253t

% B R T B BN (] LU BEE 45 00 27 2%, B LGSR B ARSI £
1450, ([HGHEETERE (1.2%/ 5 vs BER0.5%/F) , H&:
SRR N IR SE I (4E31.1% vs BAERR18.7% ) 5 4 |-,
Z BRI UG R R0 89.5%, Wi H A B SR 2T | S50Bl
“PRERTHPE” , TR EARSE S SRR (I HERN6.5) ;
SR b, 2R GERE £10%., %77 £15%) T Hinfs
WA <12%, BUTHRRESI58; 5 HARZEIA 15%-26%; SLflt:
&, Z BT AR T 3 (BUR < Bl i 15% )
AIEST A WS R G SC TR %, S BARTRY 2R (A
FIHL) , BARR. R, B HEKEEEL 2N, TR
FISRAE, B ZEERR, (UEHA T/ NS 2 BIR0
DT NS 1 e o NG A S LR Wi

(@) EFFEERMERRESITHE

FF T A T st B S B RS AT, AR L DU SR ISR
BB R AU A (W1 SZpeMh . ShTIAL) |, SR
VGRS N TR SR B TR T, O R A E AR
i MRS5S ISR RS, Bk ERR, SR E
KSR, PO EE IR IR AR SRR, &
VAT SCB AT, AT RS A . RN IR RS
BE A EFE RIS, AT RGBTS0, B A
TSR IA AL, FFT | A R i 12 5704,
GG REBNE I B RO R F IR, AR R B R
AT (W15 FDS AL “Bill — " Bi2) . Z5KkH
FEARAC T SG AL ST SCERE0E e, ploAR T, %2
S JEM, SEARBASEE, BB MR NE, SRS
R~ - AR B

=

. BRIE

AR Bt R A e B SR R - e - AT I
FfR, RASMETFR T BRI EE | (5 E0T 5 #R S R
BERFSE, ARUER T GRTHEET S — AR R (TS
I TR R B EAE IR N, TP T R - 1
TLIGTE — S TEHE" 10 5a st o BTl TR T 2808
M AR AXA” |, VSRR B R R B A e 5
Tk ASCIT G R T Mk IE 8 B R A B AR L 17
LRSS B UG R PSR SRR S, B “2eefi
Jo. RCRURE, BRI MR SRR, R A
g, ST B E R N ST AR VA O fRE

(BVER ANV 7 & R A= s WRE ST e
[0t T U 2 et T AR LA (D). PPy - 422k, 2018,

VUGS ] (D). Fr ik ik GTI5), 2021

(315K B ARl J IO I g U N BUBRHE A S SRAFFS (DI ALRT - AERtTAlAS: |, 2020.

(41T stesafest J R S R 2UREIFE (D). GRS | FRER RS (T95),2024.

(5] = i3 . P Hb ks R Yy S B S XU A 42 (D). K« FPOASF 2022,

[61FLEHE . SR B TRt A7 AR U IS AR FE (D] VT35« R AT TS, 2022,

(72802t s STl K A TR Z A LB 5 7 e oS (D). Aokt | sEilokss (T95), 2022,
(815K . 55 | PR 2% b el K R G BUSAIE AT (D). 307 : TR | 2022.

(91 FEFHA . Bk A IR ISR B AU R I AIFFS (DI ST - IR TR | 2024,

[10] e Akl A\ AR R oS A S FLOUAE (D). LR« IFRRHERAE | 2020.

Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License. | 021



