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Table 3 Test data of automatic signal system control Fig. 9 Test curve of integrated control in fast running mode
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Fig. 10 Test curve of integrated control in energy-saving mode
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Table 5 Test data of integrated control in energy-saving

mode
W B e BATEE ARgIEeRE FERBRL ERERE/
Fre /s #/m (kW-h) (kW-h) (kW-h)
1 95.60  964.56 6.13 3.67 2.46
2 9545  964.27 6.14 3.69 2.45
3 95.65 96431 6.18 3.62 2.56
4 9495  964.21 6.25 3.74 2.50
5 95.60  964.72 6.09 3.70 2.39
6 9570  962.69 6.00 3.64 2.36
7 95.05  964.33 6.10 3.75 2.35
8 9555 96431 6.15 3.68 2.48
9 95.65  964.51 6.17 3.67 2.50
10 9525  965.03 6.06 3.74 232
11 9525  965.05 6.09 3.75 2.34
S 9543 964.36 6.12 3.70 243
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Table 6 Test results of precision parking in EBO mode

b= IR 1] 155K fem
1 2023-09-27T10:30 9
2 2023-09-27T14:07 15
3 2023-09-27T14:12 15
4 2023-09-27T14:16 5
5 2023-09-27T14:30 5
6 2023-09-27T14:45 3
7 2023-09-27T14:52 10
8 2023-09-27T15:12 5
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Fig. 12 Planning curve of electro-pneumatic precision parking
RT KRR AR (A IR A i S

Table 7 Test results of precision parking in electro-pneumatic

brakg mode
Frs 6 5] 54 A % /em
1 2023-09-26T10:59 20
2 2023-09-26T14:08 10
3 2023-09-26T14:13 10
4 2023-09-26T14:20 2
5 2023-09-26T14:35 5
6 2023-09-26T14:48 10
7 2023-09-26T15:43 5
8 2023-09-26T16:09 10
9 2023-09-26T16:19 5
10 2023-09-26T16:27 5
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Fig. 13 Speed precision of integrated control in fast running
mode
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Research on integration technology of vehicle control and signal systems
for fully automatic train operation

WANG Xiangyang', XIE Baijie', LUO Qingyang’, LUO Fangxuan’, REN Ying’, HE Tao’

(1. Ningbo Rail Transit Group Co., Ltd., Ningbo, Zhejiang 315101, China;
2. Zhuzhou CRRC Times Electric Co., Ltd., Zhuzhou, Hunan 412001, China)

Abstract: Relevant enterprises in China and abroad are striving to make technological breakthroughs in developing platforms that
integrate vehicle control and signal systems to optimize train operation across multiple aspects, including operational control accuracy,
dynamic response characteristics, and energy consumption. This paper presents an integrated control approach for automatic train opera-
tion in urban rail systems. An integrated control system was developed through reallocating functions for the vehicle control and signal
systems. This system is designed to synchronously collect track information, train operation information, and status information of on-
board subsystems, and to optimize train control performance through autonomous decision-making, speed planning and tracing algo-
rithms. The performance of this integrated control system was verified through tests conducted on the field test track of the Ningbo me-
tro. Test results demonstrate the proposed control system meets its control objectives regarding punctuality, comfort, and energy saving.
Notably, the total energy-saving rate reached approximately 7.25% in the energy-saving mode of integrated control.

Keywords: integrated control; speed control; increase of travelling speed; energy saving; automatic operation system; metro vehicle;

urban rail transit
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