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Abstract : In the automatic operation of an urban rail vehicle, a conventional PID control algorithm is applied to run
the vehicle between stations within time limit and jerk limit. But the energy consumption in the automatic operation is
much higher than in the manual operation. In this study, the optimal control algorithm for automatic operation is
proposed to minimize energy consumption, which satisfies automatic operation for the urban rail vehicle, compared

with the conventional PID control algorithm.
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Nomenclature

: distance, m

: velocity, m/s

: acceleration, m/s*
: jerk, m/s’

: mass of train, kgs - s”/m

ggwggc&

: weight of train, ton

: acceleration of gravity, 9.8m/s’

e

: train resistance, kg¢

: resistance coefficient

=~ ol

: traction or braking force, kg
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Table 1 Selection of optimal feedback control u*(optimal

controller)
Aoy ALl 1300m 2] 1
) E>AZE i
i A R e

20,00] | te-012 90.1
[2000] | le-011 90.3
[20;00] | 1e-010 90.5
[20;00] | 1e-009 90.8
[20;00] | 1e-008 91.6
[20,00] | 1e-007 93.0
[20;00] | 1e-006 96.0
[10:00] | 1e-008 91.9
[150:00] | 1e-008 91.7
[(20:00] | 1e-008 91.6
[250;00] | 1e-008 91.5
[30;00] | 1e-008 914

2.2881e+009 | 334
1.3738e+009 1.85
8.2976e+008 | 0.94
5.3325e+008 | 0.53
3.2858e+008 | 0.29
2.2292¢+008 | 0.16
1.5861e+008 | 0.10
6.0233e+008 | 0.25
3.1399e+008 | 0.26
3.2858e+008 | 029
3.3008e+008 | 0.35
3.5023e+008 | 0.34
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Table 2 Selection of feedback controlu (PID controller)

Aoy A 2 1300m Z~H] Ha

] EEAMT o =] LR

Kp Kd Ki (sec) ) (m/sec’)
-30000 | -21000 | -300 88.2 3.7076e+008 0.65

-30000 | -21000 | -200 88.3 3.7038e+008 | 0.65

-30000 | -21000 | -100 88.5 3.7007e+008 | 0.67

-30000 | -21000 | O 88.8 3.5799¢+008 |  0.65

-30000 | -21000 | 100 89.4 3.7026e+008 | 0.65

-30000 | -21000 | 200 - 3.6967e+008 | 0.66

-30000 | -21000 | 300 - 3.7939¢+008 | 0.69

-30000 | -24000 88.8 3.8582¢+008 | 0.71

-30000 | -23000 88.8 3.8990e+008 | 0.70

-30000 | -22000 88.8 3.9292¢+008 | 0.67

-30000 | -21000 88.8 3.5799¢+008 | 0.65

-30000 | -20000 88.8 3.5815¢+008 | 0.71

-30000 | -19000 88.8 3.6671e+008 | 0.68

-30000 | -18000 88.8 3.8543e+008 | 0.60

-33000 | -21000 88.8 4.0121e+008 | 0.68

-32000 | -21000 88.8 3.6704e+008 | 0.66

-31000 | -21000 38.8 3.8106e+008 | 0.66

-30000 | -21000 88.8 3.5799%+008 | 0.65

-29000 | -21000 88.8 3.5930e+008 | 0.67

-28000 | -21000 88.8 3.6282e+008 | 0.64

oClo|oololo|lo|lo|lo|(o|lo|lo|o|e

-27000 | -21000 88.8 3.7281e+008 | 0.64
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Table 4 Jerk for optimal controller
Ao A QFA4 A« jerk(m/sec’)
R Osec 90sec
(_%_Q%_Ag) @) | (@ 25sec | 65sec (=)
{20;0 0] fe-012 259 | -1.62 | -330 | 3.34
{2 0;0 0] le-011 142 | -1.08 | -0.90 1.85
[20;00] 1e-010 077 | -0.61 | -0.84 | 094
{2 0;0 0] 1e-009 043 | -0.38 | -042 | 0.53
[20;0 0] 1e-008 024 | -022 | -0.19 | 0.29
[20;0 0] 1e-007 0.13 | -0.t4 | -0.14 | 0.16
[20;00] 1e-006 0.08 | -0.08 | -0.07 | 0.10
[10;0 0] 1e-008 0.20 | -0.19 | -0.19 | 0.25
[150;00] | 1e-008 023 | -023 | -0.18 | 0.26
[20;0 0] 1e-008 024 | -022 | -0.19 | 029
[250,00] | te-008 025 | -0.23 | -0.21 0.35
[30,00] 1e-008 027 | -023 | -024 | 034
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Fig. 12 Jerk graph for optimal controller
(Q=[1.5 0;0 0], R=1e-008)

Table 5 Jerk for PID controller
Ao A

ok 4 - jerk(m/sec®)

Osec 90sec
K, K, K (@9 25sec | 65sec (=)

-30000 | -21000 | -300 | 0.65 | -046 | -0.54 | 0.63

-30000 | -21000 0 065 | -050 | -048 | 0.64
-30000 | -21000 | 300 | 0.65 | -0.54 | -0.49 | 0.69
-30000 | -24000 0.71 | -0.58 | -0.30 | 0.67
-30000 | -22000 0.67 | -0.51 | -0.52 | 0.66
-30000 | -21000 0.65 | -051|-047 | 064

-30000 | -20000 0.63 | -046 | -048 | 0.71
-30000 | -18000 0.60 | -0.49 | -0.52 | 0.63
-33000 | -21000 0.67 | -0.53 | -0.55 | 0.68

-30000 | -21000 0.65 |-050 | -048 | 0.64
-27000 | -21000 0.64 | -049 | -0.51 | 0.62

oI |lo|O

PID controller(Kp= -30000, Kd= -21000, Ki= 0)

Jerk{m/sec/sec/sec)

s L
] ]

) Timem(sec)
Fig. 13 Jerk graph for PID controller
(K,=-30000, A;=-21000, K;=0)
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