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Study on Emergency Bus Dispatching Scheme for Subway
Service Interruption

Xie Xianliang, Zha Weixiong, WangYuqing, Yan Lixin

(School of Transportation Engineering, East China Jiaotong University, Nanchang 330013, China)

Abstract: [ Purpose] In order to optimize the emergency response and address the inefficiencies observed in tradi-
tional dispatch models, this study tries to develop a scheduling method, which considers a range of emergency dis-
patch modes. [Method] Considering the characteristics of emergency parking lot dispatching capacity, vehicle
transportation capacity, and vehicle rescue time, a multi-objective combination scheduling optimization model is
constructed with the goal of minimizing the evacuation cost of emergency public transportation vehicles and mini-
mizing the average passenger delay. Based on the characteristics of the model, a fast non dominated sorting genetic
algorithm (NSGA- I ) was proposed to solve the problem. In order to improve the diversity of the population and
the performance of the algorithm, corresponding improvements were made to the algorithm. The Pareto distribu-
tion optimization solution set was obtained, and the optimal compromise solution was selected from it using a mem-
bership function. Finally, the Nanchang Rail Transit Line 1 was used as an example to separately evaluate the emer-

gency bus combination dispatch plan and the single scheduling scheme are solved separately. [Result] Results
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show that the proposed combination dispatch plan reduced passenger delay time by 20.48% and transportation

costs by 16.96% compared to traditional single dispatch plans. Additionally, the improved NSGA- I algorithm fur-

ther reduced passenger delay time and transportation costs by 6.72% and 3.59%, respectively. [ Conclusion ] Sensi-

tivity analysis shows that, with clear demands of stranded passengers, fleet size negatively correlated with the aver-

age delay time of stranded passengers and positively correlated with emergency bus transportation costs.

Key words: urban rail transit; emergency bus; combination scheduling; multi-objective; improved NSGA-II al-

gorithm
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Tab.1 Definition of parameters
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Tab.2 Definition of decision variables

Decision

. Definiti
variable elnition
v Parking lot p is dispatched to stop i and drives to
! number of vehicles at turnaround station j
The number of vehicles dispatched by parking lot
Y,/.pz p to stop 7 and then return to stop i at turn back

station j

Number of round-trip trips of vehicles dispatched
L from parking lot p to interruption station i to turn-
around station j

The number of round- trip trips of vehicles sent
from parking lot p to interruption station i to turn-
around station j before returning to interruption
station 7

Parameter Definition
s Interrupt station collection, /=[1,2,-++,n] ,and in-
terrupt the station ie/
J Collection of turn back stations, and turn back sta-
tions jeJ
P Emergency bus parking lot assembly, and parking
lot peP
Y The maximum number of vehicles dispatched to
! point p
n Maximum load capacity of emergency bus vehicles
Distance of emergency bus from parking lot p to
" station i
D Distance from interruption station i to turnaround
' stationj
0 Demand for passenger waiting for evacuation from
’ interruption station i to turnaround station j
W Rated passenger capacity of emergency bus vehi-
cles
v Average operating speed of emergency bus carry-
ing passengers
v, Empty speed of emergency buses
o Unit vehicle operating time cost
B Unit vehicle dispatch cost
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Tab.3 Passenger demand at interrupt stations person
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Tab.4 Car service in the parking lot km

Station S1 S2 S3 S4 S5 S6

D1 420 478 588  7.08 8.08 8.99
D2 538 480 370 490 590 6.79
D3 927 869 759 639 539 450
D4 5.88 530 420 400 500 589

Direction S1 S2 S3 S4 S5 S6

Upgoing 1564 752 672 532 476 -

Downgoing - 482 545 642 726 1628
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Tab.5 Vehicle allocation scheme for combined dispatching

Scheduling mode Direction S1 S3 S4 S5 S6
Number of vehicles in Upgoing 2(1) 1(3) 2(2) 3(2) 1(7) -
mode 1 (round trips) Downgoing - 1(6) 2(3) 1(4) 2(4) -
Number of vehicles in Upgoing - 4(3) 3(2) 1(2) - -
mode 2 (round trips) Downgoing - 1(1) 1(2) 3(2) 2(2) 4(2)
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Tab.6 Comparison of optimized results

Item Single Combined Change
scheduling  scheduling rate/%
Average passenger
0.786 0.625 -20.48
delay (h/person)

T rtati
ransportation 19 468 16 167 -16.96

cost/yuan

7 NSGA-IEERMEYRITE
Tab.7 Comparison of NSGA-II algorithm solution effect

Item Ordinary Improved Change rate/%
A
VETABE PASSENEET g 670 0.625 -6.72
delay (h/person)
T rtati
FAMSPOTALON 16760 16167 -3.59
cost/yuan
0.68 -
N e Improved NSGA- Il
> 0.66 *ox * Ordinary NSGA- Il
= *
vs *
T 0.64F -
g .
% 062} ° . v e .,
(="
S 0.60 |- ®
S ...
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Z 058f °e e0g4
1 1 x10*

0.56 L L L
1.60 1.65 1.70 175 1.80 1.85 1.90
Transportation cost/yuan
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Fig.2 Contrast map of algorithm effect
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