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Traffic evacuation strategy for road network considering travel cost uncertainty

WEN Huiying, QIU Yinghan, ZHAO Sheng

(School of Civil Engineering and Transportation, South China University of Technology, Guangzhou 510641, China)

Abstract; To improve the level of emergency management, this paper considers the uncertainty of the travel cost
under the influence of an unexpected event to study urban traffic evacuation problem. Firstly, a spatio-temporal
coupled network diagram based on the spatio-temporal characteristics of traffic evacuation problem is created, and a
quantification method for the travel cost of urban traffic road networks is proposed, which contains a combination of
the travel time cost and conflict risk cost. Furthermore, considering the influence of an upper limit to link resource
weights for side constraints, a robust optimization model of the priori evacuation strategy based on the budgeted
uncertainty set is constructed to minimize the total travel cost of road network evacuation process. Then, the model
reconstruction technique is applied to transform the constructed robust model into a mixed integer linear
programming model, and an adapted Lagrangian relaxation method is designed to decouple and solve. Finally, the
SiouxFalls network is used for arithmetic analysis and the numerical results show that the growth rates of travel time
cost and conflict risk cost increase by about 29. 13% and 236.46% , respectively, with the growth of uncertainty
set and model size. The model budget parameter is controlled in a certain interval, which can better trade off the
robustness and optimality of solutions. The applicability of the proposed method in larger scale network calculations
is verified through a case study of the Nanjing regional road network, and the results show the proposed method can
obtain high-quality feasible solutions within fewer number of iterations than the traditional Lagrangian relaxation
method. The results of this study can provide ideas for emergency command authorities to develop reliable traffic
evacuation strategies.

Keywords: traffic network evacuation; spatio-temporal network graph; uncertainty of the travel cost; robust

optimization ; adapted Lagrangian relaxation method
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Fig. 1 Evacuation network
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Fig.3 Computational process of conflict risk metric parameters
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Fig.4 Schematic calculation of conflict risk metric parameters
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Fig.5 Algorithm flow chart
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Fig.7 Impact of uncertainty set size on travel cost
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Tab.3  Effect of the budget parameter on model robustness

r BHAT AT i) MR B
A A A R

0  125612.66 125 612.66 0 0.501 579

50 126 562.06 126 511.66 50.40  0.423 094

100 126 178.42 126 116.00 62.42  0.347 555

300 126 662.93 126 594.00 68.93  0.118 265

400 125 997.67 125 928.66 69.01  0.057 100

500 127 460.28 127 396. 66 63.62  0.024 107

700 127 388.69 127 328. 66 60.03  0.002 826

1000 127 096.37 127 033.33 63.04  0.000 038

2R3 BoRNRREE T BUEHE N, 375 1 AR
RRAR, ) B R O, B AT AR S B 8 T

B OBEUE KR, A0 500 DL E AR 2 R g e
B, BT MR, (0 H AR R B R 22, D
FREREAE 1 800 LA L5 G HUE /NG, 4nfi% T 100, U
TS ML R, TE 35% LA b B S 45 2% S
B sh S B R B rT etk Rk, R, AR S5
I WEAE 300 ~ 400 Z 0], BRI ZE A M RE PPA 54T
LA 1% 65 e P R e L
4.2 HiXiFh

ik B SCHER S B H A 5t ( ALR) 7 ik A,
VRS B E T =300, 5406 B H R 8t 7 32
(LR)YEXT LG, 25 R an il 8 i, Bl 8 Fom R TEE
A A, ALR A1 LR J5 35 (R A 22 5 A KR/
PRI B . A8 R0, E5S 10 YGEAR I ALR
SERGHCEL, T LR MU 7626 18 Wk AR A s Bl sk,
WS BB, AEUR ST R TP ALR A AH T 22 (B A
10. 72% B ¥ 8 /N2 4. 44% , LR WM 17. 63% %
4.51% , e K BERE L fERT 8 Wk i) LR 25
KAG R FIRK, BUEIR G B i, 7E 0 ~ 40 Z ]
1M ALR 25K EUE I B3 R P IR EI7E 0 ~2
Z I AR Ty m O AE . K, ALR J5vEAH T
LR 75 12 (A e SIGHE R RN S5O 5 B 44

Sy B I T AR AR A T R RIS A v )
AR SRR B AR 43 B (BT 9) , TE T g HICRS K A
B TR] B A 5T SRR A as A7 I ) AR
SUREFAHXT Z(E M ERETR PR TX L S5 SR R 4.



3 10 TLEYE, A B I I AT AR AN A A B I 52 T RS 27

e EEil|
9l HXTEME | |9
- %k
;&; 6 6 w
# - (@) () - -6 R
Z 3t 3
0t , 10
20
ERIREL
(a) ALRJF %
40 f 140
30 130
Q\\"
o
W0l 120 ¥
E EN
10} 110
0t 10
BRI E
(b) LR %

B8 ARAEHTKIEXEEXSLL

Fig. 8 Comparison of step size and gap for different methods
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Tab.4  Comparison of performance metrics for different methods

in a larger-scale network case
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