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Route optimization for emergency evacuation vehicles

in case of rail station closure

ZHANG Yiguo, QU Yunchao®, YIN Haodong, WU Jianjun

( State Key Laboratory of Rail Traffic Control and Safety, Beijing Jiaotong University, Beijing 100044, China)

Abstract : To address the problem of emergency evacuation of stranded passengers outside a rail station in case of its
closure, this paper designs an evacuation route map, which allows passengers along the line to avail the emergency
evacuation vehicles and facilitates the overall evacuation process. To minimize the total cost of vehicle operation and
passenger time, this work proposes a route optimization model for emergency evacuation vehicles and improves the
adaptive large neighborhood search algorithm to implement the model based on the characteristics of the problem. Finally,
based on the urban traffic data of Beijing, we designed routes for emergency evacuation vehicles, analyzed their
sensitivity, and verified the model and algorithm with specific examples. The results show that compared with the shortest
route algorithm, the optimization results of the proposed model can reduce passengers’ travelling time by 15.02%, allowing
them to evacuate rapidly while ensuring their experience and improving emergency management systems in case of rail
station closure.
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Table 2 Definition of decision variables
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Fig.1  Algorithm flowchart
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Table 3 Algorithm parameter settings
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Fig.3 Result of the algorithm
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Table 4 Optimal result of the model

KR )5ss EARATRI R AT R km AT E)/h
1 =57 3-7-11-12-8 14.7 0.90
254 4-0-2-18 18.1 0.92
355 10-1-6 15.2 0.63

4 =7 5-16-22-23 19.1 0.94
554 9-13-15-14 21.0 0.85
654 21-20-24-19-17 15.8 0.95

T« AT P Y 5 G S T X R B 3 a5 UL OSID



SRASCR , 45 - Ll S i 25 1 T I b B4R A AR I 1

6 SR AU AR5 0 R « B4R 1, WIRH T T—AU R — 2 I — B KA — i At —mi D St —wIfH T %42 2,
SR T—XT T 0 —ZR 00+ S —AR BT — S — B ] B A2 3, I BH T — AR B—gt [ ] — i 2% H—3 B
115 A% 4 IR 1 — AR —) R T A —Sh A S el — I 1 T 5 B A 5, S BA T 1—XT 77 B —Hi T 1 — R —2k
o H—sAF T #8426, W 1 —E 5 —& 6 4 M—& G i —IFEXE—T K FS—9IH],

AR 6 SR B AS T PSS AR B K AT BN E] 0.95 h, FRAa AT BRI E] 0.63 h, T A Ffisi Bk & STk 4t
[6]24 99.02 h M LT R IS4 008 B A T 2210 116.5 h, 54 1 15.02% 13 % 3f 42 i [l
3.3 Xftboardn

T PR EA SC ALNS S A R SR SCHR[ 17 ] b 09 524708 bR

SCHRT 17 ] S48 04 ) R 50 ~ 199 A5 a5, A (LB #R AL & CMT-X BURT CMT-Y AU 2 85l . %
TR0, x, My, FORTT SRR ARAS T S B E 5 5 x, A Ay, [IBRIRHEE B, b X R 5
IR R LR A SCHE A r, = mind (x./y,) , (v./x,) } , EENEC K rin, , FEANECH (1 - r)n, , H
Hn, GG CVRP [T 88 i BYRRRIE . AC8 A iy B4R 2 NEEAE L Y FR 51 ),

5 AT 10 AR E AL AU ALNS SRIEITRAS SRR, b il LI 1, ALNS T H524
R f 8 AR S AL T SCHR[ 17 ] A 2 R s Ui, ELR g i sf o] -S40 40 50 18.29% iR 1 A SC el it
() ALNS B33 (0 SR fiff B2 S5 A5 B

£S5 OB

Table 5 Comparison of algorithms

SCHR[ 17] 4558 ALNS WA AR
HHgS R
MEEE/km  FEHEEL BRL/s MEEE/km BEEEEC BREl/s
CMTIX 50 478.6 3 7.74 470.4 3 6.59
CMTI1Y 50 480.8 3 7.81 470.4 3 6.66
CMT2X 75 688.5 6 24.86 664.8 6 18.32
CMT2Y 75 679.4 6 22.02 667.2 6 17.59
CMT3X 100 744.8 5 94.06 722.0 5 78.35
CMT3Y 100 723.9 5 120.66 731.3 5 85.24
CMT4X 150 887.0 7 501.95 856.2 7 416.45
CMT4Y 150 852.4 7 406.32 880.0 7 412.59
CMT5X 199 1089.2 10 1055.83 1 033.6 10 776.32
CMT5Y 199 1084.3 10 771.71 1012.1 10 628.46
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Table 6 Maximum capacity sensitivity analysis

N5 VN et IR ]/ b FTRhE RS/ km s
60 86.67 105.9 8
70 93.85 89.8 7
80 99.02 85.1 6
90 99.63 94.3 6
100 119.18 88.0 5




7R

(1) A SCEH A BUIE S £ o 57T N8R B B IR, 2 57 i BN S B AR DL AR, LA 22 36 39 FH
I ek B s S ) AT 528 234, BT 6 S0 b Bk %, DL AR A5 RATHGR % 15.02% YT 4= 1]

(2) A SCHE ST 9T A2 308 da ol 0 B PR A 0 AR B 0 P Bl e ety L gt O oK [ RO 1S L,
S, BRI N ATAT e AR, DR B R B SR AE AR HAT ShA AT P ] 221 i e i ) ofe
FAT IR, 75 RN E T R N RS B AU R T — BT R Jr 1]

S

[ 1]GUIHAIRE V, HAO J K. Transit network design and scheduling: A global review[ J ]. Transportation Research Part A ; Policy and
Practice, 2008, 42(10) ; 1251-1273. DOI; 10.1016/].tra.2008.03.011.

[2]KUAH G K, PERL J. The feeder-bus network-design problem[J]. Journal of the Operational Research Society, 1989, 40(8) :
751-767. DOL; 10.1057/jors.1989.127.

[3]KUAN S N, ONG H L, NG K M. Applying metaheuristics to feeder bus network design problem [ J]. Asia-Pacific Journal of
Operational Research, 2004, 21(4) : 543-560. DOI; 10.1142/50217595904000382.

[4]XIONG J, HE Z B, GUAN W, et al. Optimal timetable development for community shuttle network with metro stations[ ] ].
Transportation Research Part C; Emerging Technologies, 2015, 60; 540-565. DOI; 10.1016/].trc.2015.10.007.

[STMMIAE, W EHH, B, 55, Mkl mUis &l R RBATRZ W IATAT AR5 [ )], BRERE S TR2EIR, 2020, 17(11)
2953-2961.DOI; 10.19713/j.cnki.43-1423/u.T20200035.

[6]YIN HD, WU J J, SUN H J, et al. Optimal bus-bridging service under a metro station disruption[ J]. Journal of Advanced
Transportation, 2018, 2018;1-16. DOI; 10.1155/2018/2758652.

[7]LIANG J P, WU J J, QU Y C, et al. Robust bus bridging service design under rail transit system disruptions[ J]. Transportation
Research Part E; Logistics and Transportation Review, 2019, 132: 97-116. DOI; 10.1016/j.tre.2019.10.008.

[81JIN J G, TEO K M, ODONI A R. Optimizing bus bridging services in response to disruptions of urban transit rail networks[ J].
Transportation Science, 2016, 50(3) ; 790-804. DOI; 10.1287/trsc.2014.0577.

(9140, AL, IRTHHLE 3 E R AL MBI [J]. (LARBI2E, 2015, 28(3) :65-73. DOI: 10.3976/j.issn.1002-4026.
2015.03.013.

(10 My 2y, TCTUE B 2B O A S AR RO E T ik [V ] 1555774, 2014, 18(3) : 47-59. DOIL: 10.15960/j.cnki.issn.
1007-6093.2014.03.016.

[IL)0AE, R, XA, 5. MhAKkis 5 AT S Se TR 02 2R 1 S0 BEAS AR T 0k [ T, Bkil“#4R , 2018, 40(5) :31-37.
DOI: 10.3969/j.issn.1001-8360.2018.05.005.

[12]FRIAE, REE, 2538, MRS &85 P T R S A EERFSE [ J]. BB R4 5 TR 24, 2019, 16(9) : 2360-2367.
DOI: 10.19713/j.cnki.43-1423/1.2019.09.031.

[ 13] DETHLOFF J. Vehicle routing and reverse logistics: The vehicle routing problem with simultaneous delivery and pick-up[J].
OR-Spektrum, 2001, 23(1); 79-96. DOI; 10.1007/PL00013346.

[ 14]STEINBRUNN M, MOERKOTTE G, KEMPER A. Heuristic and randomized optimization for the join ordering problem|[ J]. The
VLDB Journal, 1997, 6(3) :191-208. DOI; 10.1007/s007780050040.

(153240, JE RS- | v B8 T ) 0SR20 8 558 19 5 AL He B S B AL [ ] AR VD B TR 2424 4 ( AL AR B0 ,2017,14(4)
49-54. DOI:10.3969/j.issn.1672-9331.2017.04.008

[16]ROPKE S, PISINGER D. A unified heuristic for a large class of Vehicle Routing Problems with Backhauls[ J]. European Journal
of Operational Research, 2006, 171(3) ; 750-775. DOI: 10.1016/].ejor.2004.09.004.

[17]CHEN J F, WU T H. Vehicle routing problem with simultaneous deliveries and pickups[J]. Journal of the Operational Research
Society, 2006, 57(5) : 579-587. DOI; 10.1057/palgrave.jors.2602028.



