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Multiple-model switching control based on dynamic model bank
ZHAI Jun-yong, FEI Shu-min

(School of Automation, Southeast University, Nanjing Jiangsu 210096, China)

Abstract: Multiple-model switching control(MMSC) based on a dynamic model bank is proposed to deal with discrete-

time systems with bounded disturbance and parameter variations. An online learning algorithm is applied to build multiple

models automatically, and optimize the model bank. At each sampling time, a model, which best matches the current

dynamics of the system, is chosen; and the corresponding controller is applied to the system based on the switching index

function with integral property. The closed-loop system stability is established; and the tracking error is proved to be

asymptotically convergent. Simulation results confirm the validity of the proposed method.
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2 (Problem statement)
:

A(t, z−1)y(t) = z−dB(t, z−1)u(t) + η(t). (1)

: A(t, z−1), B(t, z−1) t z−1

;

A(t, z−1) = 1 + a1(t)z−1 + · · · + an(t)z−n,

B(t, z−1) = b0(t) + b1(t)z−1 + · · · + bm(t)z−m,

b0(t) �= 0, ∀ t � 0; u(t), y(t)
; d ; η(t) . :

1) d ;

2) A(t, z−1), B(t, z−1) ;

3) B(t, z−1) ;

4) η(t) , |η(t)| � Δ.

θ(t)=[−a1(t) · · · − an(t) b0(t) · · · bm(t)]T.

(2)

φ(t − 1)=[y(t − 1) · · · y(t − n)

u(t − d) · · · u(t − m − d)]T. (3)

(1)

y(t) = φT(t − 1)θ(t) + η(t). (4)

3
(MMSC based on dynamic model bank)

(multiple

model switching control, MMSC)

1 .

1

Fig. 1 MMSC system based on dynamic model bank

Mi Ci

.

, ( M−1)

, .

, 2 ( M0),

. ,

,
[2].

3.1 (Parameter estimation of

adaptive models)
[10]:

θ̂(t) = θ̂(t − 1) +
α(t − 1)φ(t − 1)e(t)
c + φT(t − 1)φ(t − 1)

, (5)

e(t) = y(t) − φT(t − 1)θ̂(t − 1), (6)

α(t − 1) =

{
1, |e(t)| > 2Δ,

0, .
(7)

: c > 0 ,

θ̂(t) θ(t) t .

3.2 (Building and optimization

of multiple models)

, .

,
[11],

.

Mi:

ŷi(t) = φT(t − 1)θi, i ∈ {1, 2, · · · ,m}.
, .

M0:

ŷ0(t) = φT(t − 1)θ̂0(t − 1).

θ̂0(t − 1) (5)∼(7) .

M−1:

ŷ−1(t) = φT(t − 1)θ̂−1(t − 1).

θ̂−1(t − 1) ,

.

i h ,

:

Ji(t)=αe2
i (t) + β

t−1∑
j=t−h+1

exp(−τ(t − j))e2
i (j).

(8)

: α � 0, β > 0, i ∈ {−1, 0, · · · ,m}, α β

,

τ > 0, ei(t) i t .
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,

.

max(max ∈ Z
+), k

m : m < max,

Mm+1,

m := m + 1, θm+1 := θ̂j(k),

j = arg min{J−1(k), J0(k)}.
, k

Mj Mf , ,

θf := θ̂j(k), f = arg max ‖θ̂j(k) − θi‖,
i ∈ {1, 2, · · · ,m}.

max.

3.3 (MM switching strategy)

. k ,

Ji(k), i ∈ {−1, 0, · · · ,m} ,

.

, Middleton [12]

. k j ,

Jl(k) = min{Ji(k)}, i ∈ {−1, 0, · · · ,m}, l �= j,

Jj(k) . Jj(k) � Jl(k) + ρ (ρ > 0
) , j ; Jj(k) >

Jl(k) + ρ , l .

4 (Stability analysis)
1 (4), (5)∼(7)
[10]:

1)

‖θ̂(t) − θ0‖ � ‖θ̂(t − 1) − θ0‖ � ‖θ̂(0) − θ0‖,
∀ t � 1;

2)

lim
t→∞

α(t − 1)[e2(t) − 4Δ2]
c + φT(t − 1)φ(t − 1)

= 0, 0 < c < ∞.

2 (1) ,

c1, c2, |u(t − d)| < c1 +
c2 max

0�τ�t
|y(τ)|. 0 � c1 < ∞, 0 < c2 < ∞.

3

lim
t→ ∞

S2(t)
b1(t) + b2(t)σT(t)σ(t)

= 0,

:{b1(t)}, {b2(t)}, {S(t)} , {σ(t)}
, :

1) : K, 0 <

b1(t) < K < ∞, 0 � b2(t) < K < ∞,∀ t > 1;

2) : ‖σ(t)‖ � c1 + c2 max
0�τ�t

|S(τ)|,
: 0 � c1 < ∞, 0 < c2 < ∞.

lim
t→∞

S(t) = 0 {‖σ(t)‖} .

1 1)∼4) ,

,

,

1) {u(t)}, {y(t)} ;

2) lim
t→∞

sup |ec(t)| � 2Δ.

3), m1 � 0, m2 > 0,

|u(k − d)| < m1 + m2 max
1�τ�t

|y(τ)|.

1 � k � t.

(3),

|φ(t − 1)| � p{m1 + max(1,m2) max
1�τ�t

|y(τ)|}.

p = m + n.

ec(τ) = y(τ) − yr(τ),

|y(τ)| � |ec(τ)| + |yr(τ)| � |ec(τ)| + m3.

|yr(τ)| � m3(0 � m3 < ∞) .

|φ(t − 1)| � M1 + M2 max
1�τ�t

|ec(τ)|.

:

0 � M1 = p{m1 + m3 · max(1,m2)} < ∞,

0 � M2 = p · max(1,m2) < ∞.

ec(t) = e(t)+φT(t−1)(θ̂(t−1)− θ̂(t−d))
1,

lim
t→∞

α(t − 1)|e2
c(t) − 4Δ2|

c + φT(t − 1)φ(t − 1)
= 0.

3, {u(t)}, {y(t)} ,

lim
t→∞

|ec(t) − 2Δ| = 0, lim
t→∞

sup |ec(t)| � 2Δ.

.

,

.

,

,

.

5 (Simulation study)
:

(1 + a1(t)z−1 + a2(t)z−2)y(t) =

z−1b0(t)u(t) + 0.1 cos t. (9)
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(a1, a2, b0) . ,

50 . :

(a1, a2, b0) =

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

(−0.45, 0, 0.5), 0 � t � 49,

(−1, 0.25, 0.35), 50 � t � 99,

(0.2,−0.1,−0.3), 100 � t � 149,

(−0.45, 0, 0.18), t � 150.

: α=5, β =
1, τ = 0.75, h = 10; c = 0.1.

θ̂−1(0) = θ̂0(0) = [1, 0, 1]T.

max = 20. δ = 0.01.

ρ = 0.02.
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, 3 .
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5 .

2

Fig. 2 The input-output curve of MM based on learning

3

Fig. 3 The controllers switching curve of MM based on

online learning

4

Fig. 4 The input-output curve of the proposed method

5

Fig. 5 The controllers switching curve of the proposed

method
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6 (Conclusion)
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