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Abstract

This paper investigates the multi-objective Bus Vehicle Scheduling Problem (BVSP) and proposes
an optimization model based on a super spatiotemporal network. A multi-objective 3M algorithm
isdeveloped to achieve objectives of minimizing fleet size, reducing system deadhead time, and pro-
moting fairness in drivers’ working hours. The model incorporates spatiotemporal nodes and di-
rected arcs within the bus scheduling network to capture the temporal and spatial relationships
between trips and depots, enhancing both interpretability and computational efficiency. A case
study on a specific route of Qingdao’s public bus system validates the effectiveness of this algorithm
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in reducing deadhead time and balancing working hours. Furthermore, it reveals a trade-off rela-
tionship among fleet size, deadhead time, and drivers’ working hours. The proposed approach of-
fers an efficient and practical solution for multi-objective optimization in bus scheduling systems.
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Figure 1. Simple super spatiotemporal network for bus vehicle scheduling
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Table 1. Parameters in super spatiotemporal network for bus vehicle scheduling
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Table 2. The rest parameters in super spatiotemporal network for bus vehicle scheduling
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Table 3. Travel time of different time intervals
% 3. FREIAZZEXEIHEHIEITATE)

RN 1] X [7] IBAT IS
06:30~07:30 70
07:30~14:30 85
14:30~19:00 90
19:00~22:00 80

DOI: 10.12677/0rf.2024.146572 734 BE 51


https://doi.org/10.12677/orf.2024.146572

I
S
48

Table 4. Scheduling plan

F 4 REUR
F ksl il s
IS [ (X ] g ]G] REE I [ (X [ gy ]G] REE
06:30~07:00 8 4 06:30~07:30 12 5
07:00~07:48 9 5 07:30~08:10 10 4
07:48~08:30 8 5 08:10~09:10 8 6
08:30~09:00 7 4 09:10~09:30 7 2
09:00~09:40 7 5 09:30~10:10 7 5
09:40~11:00 8 10 10:10~11:00 10 6
11:00~12:00 10 7 11:00~13:00 10 13
12:00~13:00 10 7 13:00~14:00 10 7
13:00~14:00 10 7 14:00~15:20 8 12
14:00~15:20 8 10 15:20~16:30 7 11
15:20~16:30 7 9 16:30~17:30 6 10
16:30~18:00 8 11 17:30~18:00 7 4
18:00~18:40 8 5 18:00~18:40 8 5
18:40~20:00 10 9 18:40~20:00 10 8
20:00~21:00 12 5 20:00~21:00 12 5
21:00~22:00 12 5 21:00~22:00 12 5
Table 5. Deadheading time of vehicles between depot and bus stations
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Figure 4. The changes in solutions when DHT is minimized
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Figure 5. The changes in TCTV when DHT is minimized
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Figure 6. The impact of fleet size on minimizing TCTV
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Figure 7. The convergence of TCTV with a fleet size of 36
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Figure 8. The change of DHT and WTV with increasing fleet size
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Figure 9. The change of non-dominated solutions with a fleet size of 31
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Table 6. Comparison of single-objective optimization and multi-objective optimization with a fleet size of 31
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