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Abstract

This study investigates the charging scheduling problem of urban electric buses
from the perspective of public bus operators. The research considers an operational
scenario featuring a single vehicle type, multiple routes, and a single depot. Under the
constraints of a fixed timetable, known fleet size, time-of-use electricity pricing, and
grid capacity limitations, the study aims to schedule charging operations during both
the idle periods between bus trips and the nighttime period after daily operations.

To address this problem, a mathematical programming model is first developed as
a baseline. In order to enhance decision-making efficiency for large-scale problem
instances, this study adopts Deep Reinforcement Learning (DRL) and constructs an
agent-based framework centered on the Deep Q-Network (DQN). Through a reward-
based interaction process between the agent and the environment, the model is
capable of autonomously learning cost-minimizing charging schedules.

To evaluate and compare the solution performance of the mathematical model and
the DRL algorithm, real-world operational data from Kaohsiung Great City Life Bus
and Taipei Capital Bus Company are used for numerical experiments. The results
demonstrate that the DRL-based approach effectively handles high-dimensional
decision-making problems and learns cost-efficient charging strategies. Notably, the
proposed method exhibits strong adaptability in response to dynamic electricity
pricing during peak and off-peak hours.

This research is the first known application of deep reinforcement learning to the
electric bus charging scheduling problem. The proposed approach provides practical
insights and theoretical contributions to the field. Furthermore, it demonstrates the
potential of DRL in optimizing electric bus operations and supports the advancement
of urban transit electrification.

Keywords: Electric bus charging scheduling, Mixed Integer Programming, Deep
Reinforcement Learning, Deep Q-Network
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