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Abstract: Because the operating conditions of urban rail transit systems are highly variable and load fluctuations are severe,

traditional energy-saving methods based on static scenarios struggle to accommodate dynamic load demands effectively. Therefore,

load scenarios must be accurately identified, and an energy-saving optimization method for flexible traction power supply systems

is needed to achieve dynamic “scenario-strategy” matching and improve energy-saving performance. Accordingly, an energy-saving

optimization approach for urban rail transit flexible traction power supply systems considering multiple load scenarios is proposed.
First, a k-Medoids load clustering method based on t-SNE is designed. A strategy of clustering after dimensionality reduction is

adopted to more accurately reflect the correlations between system load and operating periods and seasons. Second, an energy-

saving optimization model for the flexible traction power supply system is constructed. Based on an intelligent optimization

algorithm, the virtual resistance of traction substations is adjusted to minimize the total incoming energy of the system. Through

simulation validation, the effectiveness of the proposed method is verified. The proposed load clustering method effectively
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extracts the inherent characteristics of the load, reveals the correlation between system load and operating periods and seasons,
and identifies six specific operating scenarios. The proposed energy-saving optimization method achieves good energy-saving
performance in various operating scenarios, with a maximum energy-saving rate of 4.07%.

The energy-saving optimization method for urban rail flexible traction power supply system based on load clustering has connected
the complete chain of “scene recognition-strategy matching-dynamic adjustment”, which can provide important technical support

for energy-saving operation of urban rail transit.

Keywords: urban rail transit; flexible traction power supply; load clustering; energy-saving optimization
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Figure 1 Overall framework of the energy-saving optimization
strategy based on load clustering considering multiple load
scenarios
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various scenarios

1 288.803 281.218 2.626
2 169.077 164.218 2.874
3 285.943 275.818 3.541
4 165.696 160.927 2.937
5 264.189 253.417 4.077
6 160.623 155.995 3.046
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distance conditions
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Table 3 Comparison of virtual resistance results Q

i 0.000 3 0.000 1 0.000 1 0.000 1 0.000 1
5P 0.07 0.04 0.19 0.17 0.12
Z= 0.20 0.20 0.20 0.13 0.15
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0.000 1 0.000 1 0.000 1 0.000 4 0.000 1 0.000 5
0.17 0.20 0.13 0.02 0.08 0.19
0.20 0.03 0.20 0.20 0.20 0.04
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