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Multi-model switching predictive control with active fault tolerance
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Abstract: In the continuous high-speed operation, severe demands on reliability and disturbance-rejection are needed
by the high speed trains. According to its nonlinear dynamic characteristics and operation data, we build a set of multiple
models for the high-speed train by using subtractive clustering and pattern classification algorithm. To adapt to the change
of object and disturbance characteristics, we use a model switching scheme to select online, from this set of models, the
optimal model with smallest model accumulative error. On the basis of this optimal model, we design the active fault
tolerant predictive controller to realize the secure and efficient operations of the high-speed train. Simulation example is
given to show the effectiveness of this method.
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2 (Dynamics
model identification of high-speed train)

2.1 (High speed train
operation description)
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m1v̇ = u1 − (m1c12v
2 + m1c11v + m1c10),

m2v̇ = u2 − (m2c22v
2 + m2c21v + m2c20),

mN v̇ =

uN − (mNcN2v
2 + mNcN1v + mNcN0).

(1)

(1)

Mv̇ = U − (C2v
2 + C1v + C0), (2)

:

M =
N∑

i=1

mi, C2 =
N∑

i=1

mici2,

C1 =
N∑

i=1

mici1, C0 =
N∑

i=1

mici0,

U (
/ ), v , M

, C2, C1, C0 ; C2v
2

v ,
, C2v

2 .

2.2 (Multiple models set of
high-speed train)

,
P ∗, [7].

P ∗ ,
:

μic =
1

P∗∑
q=1

(
‖xi − xc‖
‖xi − xq‖)2

, (3)

: xi i , xc c(1 � c � P ∗)
, μic i c .

, :

Li = arg max{μic}. (4)

c μic ,
, .

, P ∗

, c(1 � c � P ∗) ,
. , (2),
c(1 � c � P ∗)

Ac(z−1)y(k) =

Bc(z−1)u(k − 1) + ξ(k)/(1 − z−1), (5)

: {y(k), u(k)} c

, {ξ(k)} ( ),
Ac(z−1) Bc(z−1) :

{
Ac(z−1) = 1 + a1z

−1 + · · · + anaz
−na ,

Bc(z−1) = b0 + b1z
−1 + · · · + bnbz

−nb ,
(6)

na nb .

2.3 (High speed train
adaptive models)

/
, ,

.

2.3.1 (Free-running adaptive
model)

,
:⎧⎪⎪⎪⎪⎨
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θ̂(k)= θ̂(k−1)+K(k)[y(k)−ϕT(k)θ̂(k−1)],

K(k) =
P (k − 1)ϕ(k)

λ + ϕT(k)P (k − 1)ϕ(k)
,

P (k) =
1
λ

[I − K(k)ϕT(k)]P (k − 1).

(7)

2.3.2 (Reinitialized adap-
tive model)
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, ,

(7) ;
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2.4 (Model switching scheme)

. k , ei(k) = y(k) − ŷi(k)
i(1 � i � P ∗ + 2) ;

:

Ji(k) = ae2
i (k) + b

l∑
j=1

ρje2
i (k − j). (8)

s(k) = arg min(Ji(k)), s

.

3 (Predictive
control with active fault-tolerance for high
speed train)

3.1 (The frame of control
system)
1

.
,

,
,

. ,
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Fig. 1 The frame of control system

3.2 (Predictive control al-
gorithm with active fault-tolerance)
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4 (Simulation example)
CRH2–300 C

, 10000
, 6, (8,

1.2);(51, 17); (136, 84); (207, 182); (272, 302); (321,
413)[7].

, 1−6
:

1:

y(k) − 0.1y(k − 1) = 4.494u(k − 1) + ξ(k).

2:

y(k) − 0.1858y(k − 1) = 0.724u(k − 1) + ξ(k).

3:

y(k) − 0.3y(k − 1) = 1.145u(k − 1) + ξ(k).

4:

y(k) − 0.3041y(k − 1) = 0.827u(k − 1) + ξ(k).

5:

y(k) − 0.3175y(k − 1) = 0.623u(k − 1) + ξ(k).

6:

y(k) − 0.3308y(k − 1) = 0.525u(k − 1) + ξ(k).

2

.

(a) 3

(b) 3

(c) 3

2 3
Fig. 2 Simulation curves of the three methods
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50 km/h, 2500 ,
14.3%, 3 .

(a)

(b)

(c)

3
Fig. 3 Simulation curves of the two methods

3 , 150∼200 s 350∼500 s ,
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5 (Conclusion)
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