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Sliding mode predictive control for MIMO systems via lazy learning
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Abstract: To solve the control problem of MIMO nonlinear system, we propose a sliding mode predictive control based

on lazy learning(LL--SMPC) method. The LL--SMPC builds the local model online based on the lazy learning algorithm and

obtains the optimal control law by solving the quadratic optimization problem formulated in sliding mode predictive control

framework; therefore it has strong adaptive ability and anti-jamming ability. Furthermore, the computation complexity is

reduced by avoiding solving of Diophantine equation. Simulation results show that the proposed method is effective.
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1 (Introduction)
[1](data-driven control),

,

I/O

, ,

.

, ,
[1].

, Rhodes [2]

Lorenz ,

, Arif [3]

, ,

,

, . (lazy learning)

, , Bontempi
[4] ,

,

, Pan [5] k--VNN ,

,
[6], SISO .

MIMO ,

,

,

(sliding mode predictive control based on lazy

learning, LL--SMPC).

2 (Problem description)
MIMO ,

[5, 7]:

Y (k)= f(Y (k−1), · · · , Y (k−ny), U(k−1),

· · · , U(k − 1 − nu)) + ε(k), (1)

: f(·) ; Y (k) = [y1(k) · · ·
yM(k)]T, U(k) = [u1(k) · · · uR(k)]T

M R ; nu, ny

, ε(k) .

: 2010−07−05; : 2010−09−28.

: (20090196005).
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(1) ,

, U(k) ,

Y (k + 1) Yr(k + 1).

3
(Sliding mode predictive control based on

lazy learning)
MIMO

, ,

.

3.1 (Modeling online via lazy

learning)
MIMO , k

, ,

M MISO [5].

, :

ϕi(k)= [1 yi(k−1) · · · yi(k−ny) u1(k−1) · · ·
uR(k − 1) · · · u1(k − nu − 1) · · ·
uR(k − nu − 1)]T. (2)

[7] ,

ϕi(k) , i MISO

:

yi(k) = ϕT
i (k)θi, (3)

: θi = [θ0,i · · · θr,i]T, r = 1+ny+R(1+nu).

(2)(3),

yi(k) = θ0i + θ1iyi(k − 1) + · · · +
θnyiyi(k−ny) + Θ0iUi(k−1)+· · · +
ΘnuiUi(k − nu − 1), (4)

: Ui(k − j − 1) = [u1(k − j − 1) · · · uR(k −
j − 1)]T; Θji ∈ R

1×R(R ), θi

; j = 0, · · · , nu, i = 1, · · · ,M .

M MISO , MIMO

A(z−1)Y (k) = B(z−1)U(k − 1) + Θ̃, (5)

:

A(z−1) = I + Ã1z
−1 + · · · + Ãnyz

−ny ,

B(z−1) = B̃0 + B̃1z
−1 + · · · + B̃nuz

−nu ,

Ãi = diag{θi1, · · · , θiM},
B̃i = [Θi1 · · · ΘiM ],

Θ̃ = [θ01 · · · θ0M ].

B(z−1) d ,

d, (5) [8]:{
X(k + 1) = AX(k) + BU(k),

Y (k) = CX(k) + Θ.
(6)

s = max{ny, nu},

A=

⎡
⎢⎢⎢⎣

Ã1 I . . . 0
Ã2 0 . . . 0

...
...

...

Ãs 0 . . . 0

⎤
⎥⎥⎥⎦ , B=

⎡
⎢⎢⎢⎣

B̃1

B̃2

...

B̃s

⎤
⎥⎥⎥⎦ , C =

⎡
⎢⎢⎢⎣

I

0
...

0

⎤
⎥⎥⎥⎦ ,

Θ = [Θ̃T 0 · · · 0]T.

:

Ãi =

{
Ãi, i � ny,

0, i > ny,
B̃i =

{
B̃i, i � nu,

0, i > nu.

3.2 (Sliding mode predictive

controller design)
,

, .
[9]:

S(k) = [S1(k) · · · SR(k)]T = σTX(k), (7)

σT ∈ R
R×sM ,

.

(6) (7)

:

S̃(k + i) =

σTAiX(k)+
i∑

j=1

σTAi−jBU(k+i−j). (8)

k − i , :

S̃(k|k − i) =

σTAiX(k − i)+
i∑

j=1

σTAi−jBU(k−j). (9)

S(k) k − i

S̃(k|k − i)
.

Ŝ(k + i) =

S̃(k + i) + Γi[S(k) − S̃(k|k − i)], (10)

: Γi ∈ R
R×R , Γ1 = I ,

Γi .
[10]:

S̄(k) = S(k),

S̄(k + i) = μS̄(k + i − 1) − ξTΨ(S̄(k +

i − 1))sgn(S̄(k + i − 1)), (11)

: T , μ, ξ, Ψ(·) R ,

Ψ(S̄i(k)) =

{
1, |S̄i(k)| > Δi,

2μi|S̄i(k)|/ξiT, |S̄i(k)| � Δi.

(12)

: Δi = ξiT/(1 + μi), 0 < μi < 1, ξi > 0, i =
1, · · · , R.



8 : MIMO 1161

[10], (12)

|S̄i(k + 1)| < |S̄i(k)|.
[11]:

J =
N∑

i=1

(Ŝ(k + i) − S̄(k + i))2 +

L−1∑
j=1

λjU
2(k + j). (13)

: λj = diag{λj1, · · · , λjR} ; N, L

, 0 < L � N .

(13) :

J = (Ŝ − S̄)T(Ŝ − S̄) + UTΛU =

(PX(k) + GU + ΞE − S̄)T(PX(k) +

GU + ΞE − S̄) + UTΛU, (14)

:

Ŝ = [Ŝ(k + 1) · · · Ŝ(k + N)]TRN×1,

S̄ = [S̄(k + 1) · · · S̄(k + N)]TRN×1,

U = [U(k) · · · U(k + L − 1)]TRL×1,

Λ = diag{λ1, · · · , λL}RL×RL,

Ξ = diag{Γ1, · · · , ΓN}RN×RN ,

P = [σTA · · · σTAN ]TRN×sM ,

E = [S(k) − S̃(k|k − 1) · · · S(k) −
S̃(k|k − N)]TRN×1,

G =⎡
⎢⎢⎢⎣

σTB 0 . . . 0
σTAB σTB . . . 0

...
...

...

σTAN−1B σTAN−2B . . . σTAN−L+1B

⎤
⎥⎥⎥⎦

RN×RL

.

(14),
∂J(U)

∂U
= 0,

:

U =(GTG+Λ)−1GT[S̄−PX(k) − ΞE]. (15)

U R ,

U(k) = [I 0 · · · 0]R×RLU. (16)

3.3 (The stability discussion of

algorithm )
LL--SMPC

(linear parameter varying, LPV) ,

[9]

, , LL--SMPC

.

3.1 , (1) :{
X(k + 1) = AkX(k) + BkU(k),

Y (k) = CkX(k) + Θk.
(17)

(3) , θk,i ϕi(k), , Ak, Bk

ϕ(k), (16) , U(k)
ϕ(k), , U(k) = K(ϕ(k)).

(1) ,
[12]

X(k + 1) = F (ϕ(k))X(k) + v(k), (18)

F ϕ(k) sM × sM .

[13] , (18)

: P

k [12]:

F (ϕ(k))TPF (ϕ(k)) − P < 0. (19)

[12] 6 P

:

1) (1) :

A(ϕ(k))Y (k) = z−dB(ϕ(k))U(k) + ω(k). (20)

2) (1) ;

3) .

1), , Ak, Bk

ϕ(k), (5) , k, (1)

(20) .

2), (17) , k,

rank(Bk, AkBk, · · · , As−1
k Bk) = s,

rank(CT
k , AT

k CT
k , · · · , (AT

k )s−1CT
k ) = s.

[14] 1 , (1)

.

3), [5] ,

, ,

, ,

[7] , ϕi,

ei = e(ϕj − ϕi), ,

, ϕi

ϕj , ,

.

,

, LL--SMPC P

, (18) .

3.4 (The extended of algorithm )
, ,

(14) :

J = (Ŝ − S̄)T(Ŝ − S̄) + UTΛU =

(PX(k) + GU + ΞE − S̄)T(PX(k) +

GU + ΞE − S̄) + UTΛU, (21)

s.t. Umin � U(k + j|k) � Umax,

ΔUmin � ΔU(k + j|k) � ΔUmax.
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: Umin Umax, ΔUmin ΔUmax

.

(21) QP ,

, .

3.5 (The steps of algorithm )
MIMO

:

Step 1 k , Y (k),

ϕ(k);

Step 2
(6) , A,B, C Θ;

Step 3 σT, (9)

S̃(k|k − i);

Step 4 Γi, μ ξ, (10)

(11) Ŝ S̄;

Step 5 λj Λ;

Step 6 (21) ,

(16) U(k);

Step 7 [7] ,

,

;

Step 8 Step 1(k → k + 1).

4 (Simulation analysis)
[15],[

D11 D12

D21 D22

][
q̈1

q̈2

]
−

[
F12q̇2 F12(q̇1+q̇2)
−F12q̇1 0

][
q̇1

q̇2

]
+

[
g1(q1, q1)g
g2(q1, q1)g

]
+

[
ξ1

ξ2

]
=

[
u1

u2

]
, (22)

:

D12 = m2r
2
2 + m2r1r2 cos q2, D22 = m2r

2
2,

D11 = (m1 + m2)r2
1 + m2r

2
2 + 2m2r1r2 cos q2,

g1 = (m1 + m2)r1 cos q2 + m2r2 cos(q1 + q2),

g2 = m2r2 cos(q1 + q2), F12 = m2r1r2 sin q2,

ξ1, ξ2 ; : r1 =1, r2 =0.8, m1 =0.5,

m2 = 0.5.

q̇1 q̇2 ,

(u1, u2) (q1, q2) ,

T = 0.01 s (22)

.

ϕi(k) =

[1 yi(k − 1) yi(k − 2) yi(k − 3) u1(k − 1)

u2(k − 1) u1(k − 2) u2(k − 2)],

u1 ∈ [−25, 25] u2 ∈ [−10, 10] ξ1,

ξ2 ∈ N(0, 5) (22), 100

.

: k ∈ [10, 50], δ = 0.9, γ = 0.8;

: N = 7, L = 4. : q1r(k) =
q2r(k) = sin(πkT ), : ξ1 = 2 sin(10πkT ),
ξ2 = 2 cos(10πkT ), 1 2 .

1

Fig. 1 The tracking curve of position

2

Fig. 2 The error curve of tracking
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1 ,

; 2 , ,

, ,

, ,

.

LL--SMPC

, q1r(k) q2r(k) , 4 s ,

m1 = 0.75, m2 = 0.75, 3 ,

3 , ,

, LL--SMPC

.

3

Fig. 3 The tracking curve of segment step signal

5 (Conclusion)
MIMO

,

.

,

,

, .

LL--SMPC MIMO ,

MIMO

, .
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