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Study on Emergency Bus Dispatching Scheme for Subway Service Interruption

Xie Xianliang, Zha Weixiong, WangYuging, Yan Lixin
(School of Transportation Engineering, East China Jiaotong University, Nanchang330013, China)

Abstract: To optimize emergency response and address the inefficiencies observed in traditional dispatch models,
a study was conducted to develop a scheduling method that considers a range of emergency dispatch modes. The
objective was to evacuate stranded passengers at disrupted stations using emergency buses while improving
transportation efficiency. The dispatch model incorporated key factors such as the dispatching capacity of the
emergency parking lot, vehicle capacity, and vehicle rescue time. The study developed a multi-objective
combination scheduling optimization model utilizing a fast non-dominated sorting genetic algorithm (NSGA-II) to
reduce transportation costs and the average passenger delay. The algorithm was improved to enhance the diversity
and performance of the population, and a Pareto distribution optimization solution was ultimately obtained. The
Nanchang Rail Transit Line 1 was used as an example to solve both the emergency bus combination dispatch plan
and the single dispatch plan separately. Results revealed 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-II algorithm further reduced passenger delay time and transportation costs by
4.50% and 3.59%, respectively. Sensitivity analysis showed that fleet size negatively correlated with the average
delay time of stranded passengers and positively correlated with emergency bus transportation costs, depending on
the demand for transporting stranded passengers.
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Tab.1 Definition of parameters

character definition
Interrupt Station Collection, | =[1,2,..,n], And
|
interrupt the station iel
Collection of turn back stations, and turn back
’ stations j e J
Emergency bus parking lot assembly, and parking
P lot peP
v The maximum number of vehicles dispatched to
g point p
n Maximum load capacity of emergency bus vehicles
b Distance of emergency bus from parking lot p to
" station i
b Distance from interruption station i to turnaround
! station j
0 Demand for passenger waiting for evacuation from
ij

interruption station i to turnaround station j

W Rated passenger capacity of emergency bus vehicles

Average operating speed of emergency bus carrying

\Y
passengers

Vo Empty speed of emergency buses

o Unit Vehicle Operating Time Cost

B Unit vehicle dispatch cost
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Tab.2 Definition of decision variables
Decision
definition
variables

o 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 p
Y to stop i and then return to stop i at turn back
station j
Number of round-trip trips of vehicles dispatched
Li‘}l from parking lot p to interruption station i to
turnaround station j
The number of round-trip trips of vehicles sent

P from parking lot p to interruption station i to

ij L . . .
turnaround station j before returning to interruption

station i
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Tab.3 passenger demand at interrupt stations

direction S1 S2 S3 S4 S5 S6

upgoing 1564 752 672 532 476

go down - 482 545 642 726 1628

x4 BEONEERER
Tab.4 Car Service in the parking lot

S1 S2 S3 sS4 S5 S6 Number of dispatchable vehicles
distance
(km) (km) (km) (km) (km) (km) (vehicles)
D1 4.2 4,78 5.88 7.08 8.08 8.99 10
D2 5.38 4.8 3.7 4.9 5.9 6.79 10
D3 9.27 8.69 7.59 6.39 5.39 45 10
D4 5.88 5.3 4.2 4 5 5.89 10
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Tab.5 Vehicle allocation scheme for combined dispatching
Scheduling mode direction S1 S2 S3 S4 S5 S6
Number of vehicles in  upgoing 2 (D 13 2 (2) 3 (2) 17
mode 1 (round trips) go down 16 2 (3) 14 2 (4)
Number of vehicles in  upgoing 4 (3) 3 (2) 1(2)
mode 2 (round trips) go down 1D 1(2) 3 (2) 2 (2) 4 (2)
Fz6 MMILERTLE 6.6 Frontier solution set
Tab.6 Comparison of optimized results : . ::ﬁ:;:i:é?nn
..0.66 * o
Single Combined  Change = .
Scheduling plan 3 064}
scheduling  scheduling  rate(%) a : ™
o ) * % i
Average passenger §°'62 e R
0.786 0.625 -20.48 4 @
delay (h/person) o 06}
EJ L [ — a
Transportation cost Y 0.581 % s e
19468 16167 -16.96 <
(yuan) 0.56 - : ' : ,
- - 1.6 1.65 1.7 1.75 1.8 1.85 1.9
*E?E L6 M Y iﬁ@iﬂiﬁi%ﬁ%f*@ﬁ(‘?%ﬁ Transportation cost x10%
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0.786h/ N\, T RHUZH & VR FERC 2 77 ST (1)1 5 4k
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Tab.7 Comparison of NSGA-II algorithm solution effect

Change rate

scheme common  improve
(%)
Average
passenger delay 0.670 0.625 -4.50
(h/person)
Transportation
16769 16167 -3.59

cost (yuan)

3 BHEMRIEEE
Fig.3 Contrast map of algorithm effect
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