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Closed-Loop Control Method for Braking Deceleration of Urban Rail Trains
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Abstract: Against the background of the rapid development of autonomous train operation and virtual coupling, the traditional
independent design of vehicle and signaling systems and the distributed control system adopted on the vehicle side have led to
problems such as lengthy on-board Automatic Train Operation (ATO) control links, large response delays, and low control
accuracy. This paper proposes a multi-system fusion-based closed-loop control method for train braking deceleration. Firstly,
an integrated hardware and software platform integrating vehicle control and signaling control functions is established to
construct a multi-system fusion control architecture. secondly, based on this platform, the functional redistribution of the
entire process of train automatic operation control is carried out, and the core links such as ATO control, traction/braking force
collaborative distribution, and closed-loop feedback control are deeply integrated to reconstruct the control closed-loop;
Finally, on-vehicle tests are conducted to verify the control performance of the proposed method. The test results show that,
compared with the traditional distributed train control system, the control accuracy under ATO mode is increased by 35% with
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a 25% reduction in response delay; the accuracy of pure electric braking is improved by 70% with a 20% delay reduction; and
the accuracy of electro-pneumatic blended braking is raised by 30% with a 14% delay reduction. The integrated architecture
effectively improves train braking stability and stopping accuracy, providing critical technical support for the safe and efficient

intelligent and autonomous operation of trains.

Keywords: rail transit; fusion control system; vehicle—signaling system fusion; multi-disciplinary integration of vehicles; precision

parking; closed-loop control
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Figure 1 Design concept of fusion control system
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Figure 2 Multi-system fusion control architecture
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Figure 3 Train control data flow based on the
traditional architecture
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Figure 4 Function reallocation scheme
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Figure 5 Train control data flow based on fusion control
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control system and the fusion control system

Az TOL R, Ak gos il R g 5 s 456l
RS LB ) 75K 5 S br R w22, 45 R 8
Fine HIE 8 il 4. @& H RGOV YW 2R 1.34%,
PRI AESN 1150 ms; A2 945 H R G0 VYR ZE N 5%,
SPRIRFIESR 1450 ms; BEIEHI RGRE ST 70%, 4E
N4 5 20%

T2 HL S A L B AW3 #igr, S 4 sh et
ARG HIB) T, (R T o0 Rt &5 R 4%
ML Ge i R G BB RO, 4 R WK 9 Fron. i
Bl 9 mIT: SR FH 3OS B PP SRR I R G 4 o R 4
MBI mZE N 3.46%, THIETSE N 1330 ms; f%
G RGP I9R 2E 9 5%, FIIITAE K 1 550 ms;
Rl 75 T R GEAH AL S I R GERG FESR T 30%, ZEIR

URBAN RAPID RAIL TRANSIT 145



ETHIRBIZE - £ 39% F4H 2026 £ 8 A

)46 14%.

90,
80}
70}
Z 60}
R 50p
S 40} |
30t |
20}
10-5"

—— I v i O SRR AE
T filﬁ?' rru/kfk
----- P SEE T i ] g S PR fE

0 10 20 30 40 2
U/ (km/h)
8 LB IR B S AT I 43 b

Figure 8 Analysis of electric braking force accuracy

and response delay
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