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Abstract

Aiming at the pain points of low resource utilization and inflexible transport capacity allocation in
current rail transit systems, this paper proposes the conceptual model of the Matrix Rail Network
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(MRN). It further establishes a core mechanism for integrated passenger and freight transport,
which comprises an elastic grid-based rail frame structure, one-way circular operation rules and
graded stop islands, and thereby transforms the system operational mode into an optimization
problem of dynamic vehicle routing with spatiotemporal network constraints. The innovative con-
tributions of this paper lie in the proposal of solutions including a flexible grid and hierarchical
distributed scheduling. In addition, it conducts a macroscopic analysis of the core challenges in the
practical implementation of MRN from four dimensions: engineering construction, model algo-
rithms, economic efficiency and operational safety, aiming to provide innovative theoretical in-
sights for the paradigm innovation of next-generation rail transit systems.
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WA, ELLE EHERIAE AT Zhao ef al. (2023))H AR 5 T RN AR 4544530 1]. Chen et al.
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IR R T EEABARE X S8 B AR, TR HUART) RGNGRAE [ E Lz 47 ERUH A HRTTL
BRAS, AHZSEERE D55 P ELAniR Y “ Mgk + Wi 7 Ba(2024 AR 8 I IE T HUIE R BRI R AR AT AT 1,
THEA T B 2 A B 7 4% I 5 A B &S TS o M AT FAFAE = T R R — AR NG54 2 NI 1
i, RFRE “HIUIK TR RERTTBIAAR” PR R ZRF IO RO HRIR a2 4 K A
25 L ASOR s = Z X B ZE 4 RS A0 L A

g LRTR, EOAAR SR I e + BhA IR + RIREH + R ERTER” B — 1k
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S I, R T 2 DI (I T AR FERLB AR, I L A B  )
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Table 1. Differential analysis of existing studies
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Figure 1. Schematic diagram of operation logic for matrix rail network
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Figure 2. Functional division plan of the large-scale berthing island
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Table 2. Simulation parameter settings for matrix rail network (MRN)
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Figure 6. Schematic of metro station layout comparison
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