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Abstract: [ Objective ] This study focused on the train control on-board equipment ( CTCS) and its
automatic train protection ( ATP) system in China’s high-speed railway system, and investigated train
braking efficiency and its impact on train headway. It was pointed out that there were significant
differences in protection efficiency among different ATP types, especially on high-speed railways, where
the redundant braking distance generated by ATP led to a significant increase in train headway during
acceleration, becoming a bottleneck in train operation organization. [ Methods ] To improve train
operation efficiency, the existing European standard braking method was analyzed. It was pointed out that
the average deceleration value within each interval might introduce potential safety hazards, and the
coarse division of speed intervals resulted in low braking efficiency. To address the above problems, an

improved ATP braking curve calculation model based on the objective of minimum braking distance was

proposed in accordance with existing calculation

el B 732004 00 ~ 04 FEEIAIH3:2024 ~ 10 -30; M E K B specifications of train control on-board equipment.
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parameters of a certain type of train control on-board equipment. [ Results] The calculation results

showed that, compared with the calculation results of the original equipment, the optimized model

improved the minimum braking distance objective and the minimum braking time objective by up to

10. 14% and 10.73%, respectively. [ Conclusion ]| The research findings provide a design approach for

the braking curve parameters of on-board equipment for train control of higher-efficiency multiple units.

Key words: train control on-board equipment; train control; China Train Control System; automatic

train protection; genetic algorithm; European standard braking method
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Fig. 1  Train braking curve based on European standard

braking method
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Tab.4 Optimization results after introducing slack variables

A Ak B x Tl BB/ km il Bht i)/ s
M3A Ssan 14. 480 —
M3B Tsnp — 234
M4A Sspp 14. 480 —
M4B T — 234

M1 Fil M2 FRIZE SR T X L 5
HE— ALY M3 1 M4 BERIAESE R b (R s AL
(E A 0 FE 7 0. 1% BT, 58 4 vl LA Z W, e 3T
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S, M3 BT AN e A 2

x5 BEBEMRULERIILE
Tab.5 Comparison of optimization results across different

models
B Ak EAR ISR km SRS/ AR/ %

M1 Sspp 14. 495 263 —

M2 Tsmp 16. 131 235 —
M3A Sspp 14. 480 236 0. 10
M3B Tsnn 14. 498 234 0.13
M4A Sspp 14. 480 236 0.10
M4B Tsup 14. 498 234 0.13
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