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In this study, the Grey Wolf Optimizer (GWO) algorithm is effectively

employed to optimally schedule an urban metro system. The primary objective
of this research is to significantly minimize the total passenger travel time,
including waiting time at stations and in-train travel time. The proposed model
considers parameters such as passenger arrival rates, stop durations, and the
optimization variable h to simultaneously optimize departure and stop times.
The implementation results on real-world data indicate that the cost function is
significantly reduced from 23,500.75 seconds to 16,939.12 seconds using this
approach. Additionally, the reduction in waiting time at high-traffic stations

leads to a substantial improvement in system efficiency and passenger
satisfaction. This innovative approach can pave the way for developing

Keywords: intelligent solutions in public transportation systems, reducing operational
Optimization, costs, and enhancing metro syste_m performance._ The r_esults obtained open
Waiting Time, new avenues for future research aimed at further improving metro scheduling
Travel Time, and management.
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Introduction

Metro scheduling represents a critical and complex aspect of public transportation planning.
Traditionally, the process is divided into several components—network design, line planning,
timetable creation, vehicle assignment, and staff scheduling—with most efforts focusing on the
operator's perspective. Such an emphasis may neglect the overall passenger journey, which includes
both waiting at stations and riding the train. The current paper proposes a novel, passenger-centered
approach to metro scheduling intending to minimize total travel time by addressing both waiting times
at stations and in-train travel durations. Metro timetables may be periodic, offering ease of
memorization, or non-periodic, which can better accommodate variable demand. Although numerous
models have been developed to tackle scheduling challenges, few directly target the reduction of
overall travel time under dynamic conditions. To bridge this gap, the Grey Wolf Optimizer (GWO)
algorithm is utilized. By incorporating realistic factors such as passenger arrival rates and station dwell
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times, the proposed timetable is designed to better meet the needs of urban commuters. Simulation
studies based on actual metro data reveal that this approach produces a balanced schedule that
significantly reduces overall travel time, thereby paving the way for more efficient and user-friendly
public transportation systems.

Methodology

In the proposed model, using recursive functions such as R, theta, and Q, and considering the
passenger entry rate and parameters related to the stations, waiting and travel times are accurately
calculated. Then, the GWO algorithm with a population of 50 wolves and over 5 iterations were
executed.

Results

The best optimal value found for the variable h was 0.580231, which led to the minimization of the
cost function to a value of 16939.12. The optimization results show that waiting and travel times in
different metro stations are adjusted differently and in proportion to the conditions of each station. For
example, station 1 has a waiting time of 18.18 seconds and a travel time of 4320 seconds, and other
stations also provide different patterns of these two indicators.

Conclusion

This achievement can pave the way for improving the performance of public transportation systems,
increasing passenger satisfaction, and reducing operating costs. In addition, the use of real data and the
development of multivariate models in future studies can increase the accuracy and efficiency of this
optimization model. In summary, this research shows that the use of intelligent algorithms such as
GWO is a new approach to improving the scheduling and management of metro systems and can be a
guide for future research and development in the field of public transportation.
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