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Cooperative Optimization Method for High-speed Trains Running Time and
Energy Saving Based on Block Sections

ZHAO Hui' DAI Xue-Wu!

Abstract
For the integrated scheme of train operation control and dynamic rescheduling which consists of dynamic reschedul-

A cooperative optimization method for high-speed trains running time and energy saving is proposed.

ing layer, optimization control layer and tracking control layer, the running time adjustment strategy and energy
saving speed-position trajectory are designed for dynamic rescheduling layer and optimization control layer. The
train-section model and energy saving speed trajectory model are established based on the block sections of high-
speed railway. The model predictive control method is utilized to adjust the section running time of trains and op-
timize the total delay time of trains. Then according to the adjusted section running time, the optimal speed-posi-
tion trajectory is generated for each train so as to reduce the energy consumption. Numerical examples are given to
illustrate the effectiveness of the proposed running time and energy saving cooperative optimization strategy.
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A AR HE ) — IR Te) R EAT SR A
7E X
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el (k + Kylk)]"
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uT(k+ Ky —1]k)]"
e(k) = leg (klk), e1 (k + 1]k), - e1(k + Ky — 1[k)]"
AR K A T AT B AR
E(k) = Age(k) + BuU(k) + Daw(k) + Bué(k) (29)
o,
Ay = [A, A2, - AKT

1 0 0
A I 0 0
: : 0
A=Y o0 A T

Dy=[I,A,-- AK=1T
30 (28) H H ARk B AR
minJ = ET(k)QE(k) + U (K)RU (k)  (30)
:/H\:EP’ Q = dlag{Qa Q, e aQ}MKf XMK >y R = dlag{R7

R, R}MK;x MK,
BB AT (R EE = 201 (14) 7] DAFEALA
i . )
[ —TT } < U(k) > Umi(j(k) (31)
| tmin (ko Ky — 1) |

3\:':'3, 1—1:(l112::1g{l,[7 ,I}MKfXMKf'
FHARH 22 8] (I AT IR R 2R (15) AT LAREAE N
Tie(k) — ToE(k) <

H(k+1) —tmn(k+1)
. (32)

H(k+ Kf) — tmin(k + K§)

/\EP,
Tl:[LOa"WOH/IxMKf
I 0 0
-1 I 0
T, = )
0 - —I Hyk,xmk;

RAE (29), EREFEM N
TQBuU(k) Z (Tl — TQAw)e(k;) — TQDd(U(]C)—
H(k4+1) — tmn(k + 1)
ToBue(k) — :

Hk+ K) — ton(k + K )
(33)

R (29) Fk (30), 7715
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+ [BLU(K)])"Q[B,U (k)] + 2x

[Aze(k) + Daw(k) + B.e(k)] QB U (k)] + E
(34)

|

\}

> Y

E = [Aze(k)]" Q[Ase(k)] + 2[Daw (k)] %
Q[Ase(k)] + [Daw(k)]' Q[Daw(k)] + [B.
Q[Bue(k)] + 2[Daw (k)] Q[Bue(k)]+
2[Ase(k)]"Q[Bue(k)]

RO R, fitkin @ (28) HAk N

minJ = U (k)RU (k) + [B,U (k)] Q[B,U (k)]+
2[Aze(k) + Dgw(k) + Bue(k)]'Q[BLU (k)]
s.t. (26), (27), (29), (31), (33) (35)
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B2 Al=1+1, IWHEH I, E A
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Hpig >0, 2l =1+1, BEEPES3.

BBA, Fillye=0,1<L, B EHNELT
W&, Ul+1 =07 —2x [fi(w)+ f2( D] X (Smjie1—

Spmt)/ My % 1=1+1, EELEA
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