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Uncertain Bi-level Programming Model for Vehicle
Allocation Problem of Bus Lines
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Abstract:  In order to rationally optimize the bus line allocation, this paper considers the uncertainty in passenger
demand at bus stops and introduces the uncertainty theory to construct an uncertain bi-level programming model
for bus line allocation. Among them, the upper-level goal is to maximize the revenue of the bus operation
enterprise, and the lower-level goal is to minimize the total travel time and the cost of passengers. The constraints
include the service level and the ride rate required by the government. The model is solved through Matlab
programming. Taking Bus Line No. 210 in Nanchang as an example, the uncertain bi-level programming model is
used to optimize the vehicle allocation in the morning peak 07:00-08:00, and under the ride rate limit of 80%. The
fleet size of vehicles is reduced from 26 to 23 by 11.5%; the total weighted cost of passengers after peak hours
slightly increased by 0.5%; and the profit increased by 112 yuan with a rate of 29.6% after optimization. The
results show that the optimization effectiveness of the uncertain bi-level model for vehicle allocation is significant
in the early peak hours. The study provides theoretical support for bus operators to rationally optimize vehicle
allocation considering uncertain factors in reality.
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Table 1 Cards volume and number of vehicles in 07:00-08:00 AM from
Mar. 25~31, 2019 for bus line 210
H 25 H 26 H 27 H 28 H 29 H 30 H 31 H
il & 1914 1895 1907 1745 2032 1528 934
RKEH 14 17 16 16 14 15 16
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Table2  Number of passengers of line 210 getting on and off at each station
during 07:00-08:00 AM on Mar. 29, 2019
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1 137 0 9 206 114 17 114 137
2 46 0 10 137 69 18 23 114
3 69 0 11 23 91 19 69 160
4 160 0 12 46 137 20 0 69
5 183 23 13 137 46 21 23 709
6 206 0 14 69 23 22 0 137
7 274 0 15 23 46 23 0 69
8 411 23 16 183 183 24 0 389
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Fig. 1 Relationship of number of vehicles and
departure intervals
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Fig.2  Stops and route distribution of bus line 210 in

Nanchang City
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Table 3  Chi—square test statistics for passenger numbers in morning peak hour

satisfying linear uncertainty distributions
H W RIRE . SMEr, BREF  f-F (f-F) (f-F)/F

2019-03-25 1914 0.16 1927 1282 16438 0.09

2019-03-26 1895 0.16 1907 1164 13547 0.07

2019-03-27 1907 0.16 1919 1239  153.40 0.08

2019-03-28 1745 0.15 1747 231 5.34 0.00

2019-03-29 2032 0.17 2052 2016 406.42 0.20

2019-03-30 1528 0.13 1517 11.19 125.13 0.08

2019-03-31 934 0.07 886 4813 231647 2.61
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Table 4  Calculation results of operation indicators under different number of vehicles
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32 25 100.00 54 4087 3233 7320

27 3.0 90.40 377 3695 3 880 7575

23 3.5 81.76 490 3399 4527 7926

20 4.0 74.65 662 3257 5174 8431

18 45 68.57 628 3158 5820 8978

16 5.0 63.72 737 3082 6 467 9549
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Table 5 Comparison of indicators before and after vehicle allocation optimization for bus line
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