ISSN : 1226-7244 (Print)

ISSN : 2288-243X (Online) j.inst.Korean.electr.electron.eng.Vol.26,No.4,590~595,December 2022
=3 22-04-10 https://doi.org/10.7471/ikeee.2022.26.4.590
67

AZEA Aol e EAte] 3¥7HE Alojdars&
Traffic Regulation Algorithm for
Metro Lines with Time Delay
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Abstract

When a train is delayed because of a disturbance, the time interval deviation between successive trains increases,
and high frequency metro lines can become unstable. Thus, it is necessary to control the traffic regularity to
prevent any such instability. In this paper, we propose a simple but effective traffic regulation algorithm that
gurantees system stability. In the proposed method, the control algorithm for running time is designed using a
discrete traffic model where control input is determined from a linear combination of departure time deviations
and control input of the preceding train to ensure an optimal time interval between successive trains. The results
of the computer simulation are also given to demonstrate the validity of the proposed algorithm.
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Fig. 1. Traffic regulation Algorithm.
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Table 1. Time interval deviations regulated by the proposed algorithm.

B 1. Horet Ln2iE0] Qloff £HE 237t WX}
Train No. -7 | i6 | -5 | i4 | i3 | i-2 | i1 i i+1 2 | i+3 | i+ | i+5 | i+6 | i+T
Delay time 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 |120.00| 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
Time interval deviation(1) | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 |120.00|-120.00| 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
Control input(1) 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 |-24.00| 19.20 | 3.84 | 0.77 | 0.15 | 0.03 | 0.01 | 0.00
Time interval deviation(2) | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 98.40 | -79.20 |-15.36| -3.07 | -0.61 | -0.12 | -0.02 | 0.00
Control input(2) U 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 |-19.68| 11.90 | 5.45 | 1.70 | 0.46 | 0.12 | 0.03 | 0.01
Time interval deviation(3) | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 80.69 | -49.58 |-21.81| -6.82 | -1.86 | -0.47 | -0.11 | -0.03
Control input(3) U/ 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 |-16.14| 6.69 | 5.70 | 2.50 | 0.87 | 0.27 | 0.08 | 0.02
Time interval deviation(4) | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 66.16 | -28.37 |-22.80|-10.02| -3.49 | -1.07 | -0.31 | -0.08
Control input(4) U/ 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 [-13.23| 3.03 | 5.17 | 3.04 | 1.30 | 0.48 | 0.16 | 0.05
Time interval deviation(5) | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 54.25 | -13.43 |-20.66|-12.15| -5.22 | -1.90 | -0.62 | -0.19
Control input(5) U 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 [-10.85| 0.52 | 4.24 | 3.28 | 1.70 | 0.72 | 0.27 | 0.09
Time interval deviation(6) | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 44.49 | -3.15 |-16.94|-13.10| -6.80 | -2.88 | -1.08 | -0.37
Control input(6) U 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | -8.90 | -1.15 | 3.16 | 3.25 | 2.01 | 0.98 | 0.41 | 0.16
Time interval deviation(7) | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 36.48 | 3.71 |-12.64|-13.01|-8.04 | -3.91 | -1.64 | -0.62
Control input(7) ¥ 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | -7.30 | -2.20 | 2.09 | 3.02 | 2.21 | 1.22 | 0.57 | 0.24
Time interval deviation(9) | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 29.91 | 8.07 |-8.35|-12.08|-8.85|-4.90 | -2.29 | -0.96
Control input(8) U/ 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | -5.98 | -2.81 | 1.11 | 2.64 | 2.30 | 1.44 | 0.75 | 0.34
Time interval deviation(10)| 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 24.53 | 10.65 |-4.43 [-10.55|-9.19 | -5.76 | -2.99 | -1.36
Control input(9) U/ 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | -4.91 | -6.05 |-3.96|-1.06| 0.99 | 1.95 | 2.15 | 2.00
Time interval deviation(11)| 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.0 | 20.11 | 9.22 |-2.63 |-7.77 |-7.11 | -4.74 | -2.72 | -1.49
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Fig. 2. Evolution of mean square values of time interval
deviations.
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Table 2. Perform index J

H 2. 9sKE J

Time index| Mean square value of time interval deviations

Case 1 Case 2 Case 3

1 2057.14 298.29 127.28

2 2140.25 217.33 97.44

3 2226.72 149.28 76.26

4 2316.68 94.20 61.07

5 2410.27 52.14 50.04

6 2507.65 23.11 41.91

7 2608.96 5.95 35.83

8 2714.36 0.04 31.21

9 2824.02 0.00 25.29

Average 2422.89 93.37 60.70
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